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ABSTRACT
The purpose of the present study was to determine the 
effects smoking a cigarette of varying nicotine yields had 
on physiological arousal and memory for prose passages.
Forty-five male habitual smokers were assigned to 
either a placebo (0.lmg nicotine cigarette), a 0.7mg, or a 
1.5mg nicotine cigarette group. All subjects were in good 
health, reported that they regularly inhale the smoke, that 
they smoked daily, and have for at least the past 3 months. 
Subjects smoked their assigned cigarette in a controlled 
fashion prior to reading 4 prose passages from a computer 
screen. Immediately after reading each passage, subjects 
were asked to recall as much of the story as they could. 
Blood pressure and heart rate were taken before smoking, 
immediately after smoking, 30 minutes and 40 minutes after 
smoking.
The results indicated that subjects who smoked the 
0.7mg nicotine cigarette recalled significantly more idea 
units of the passages than those who smoked the placebo. 
There was no difference between subjects who smoked the 
1.5mg nicotine cigarette and those who smoked the placebo.
Systolic and diastolic blood pressure, and heart rate 
significantly increased in all of the groups after smoking 
the cigarette. The increases in heart rate were the greatest
viii
in the two highest nicotine cigarette groups.
The results are interpreted in view of arousal theory. 
Those subjects who smoked the middle nicotine cigarette 
(0.7mg), had arousal levels elevated to optimal performance 
for the prose tasks, whereas those in the placebo group were 





Cigarette smoking is by far the most important form in 
which tobacco is consumed, both in terms of the amount 
smoked and consequences for health (Ashton & Stepney, 1982). 
The cigarette has been likened to a miniature chemical 
factory producing a complex mixture of gases and tar 
particles containing scores of organic compounds. Cigarette 
smoke contains both gases and solids, and over thirty of the 
many constituents have been suspected of being harmful to a 
person's health (Ashton & Stepney, 1982). The most important 
contributors to the hazards of smoking are carbon monoxide, 
in the gas phase, and tar and nicotine in the solid phase 
(Ashton & Stepney, 1982).
Carbon monoxide makes up the largest portion of the 
gaseous phase, contributing up to 5 per cent of the total 
gasses in cigarette smoke. Carbon monoxide is absorbed from 
cigarette smoke only if it is inhaled, but once in the lungs 
it combines with haemoglobin, and the affinity of carbon 
monoxide to haemoglobin is 200 times greater than that of 
oxygen. Thus the presence of carbon monoxide tends to reduce 
the oxygen carrying capacity of the blood and to impair the 
oxygen supply to the tissues (Ashton & Stepney, 1982). The 
amount of carbon monoxide that enters the bloodstream 
depends on the carbon monoxide yield of the cigarette and
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the degree to which the smoke is inhaled.
Tar is defined as the sticky brown complex particulate 
matter in the smoke that is left behind on a filter after 
subtracting out all the nicotine and moisture. Among the 
many substances contained in the resulting dark brown sticky 
mass are the polycyclic aromatic hydrocarbons, a class of 
compounds generally considered to be a cause of cancer 
(Ashton & Stepney, 1982). In addition, these hydrocarbons 
act as irritants to the lung and may be implicated in 
causing or aggravating bronchitis and other respiratory 
diseases.
Nicotine is an alkaloid containing carbon, hydrogen and 
nitrogen. In its pure state it is a colorless, volatile, 
strongly alkaline liquid which turns brown on exposure to 
air and gives off a characteristic tobacco smell. It is such 
a powerful toxic that one drop of the free substance placed 
on the tongue or skin will kill a person within minutes 
(Larson, Haag, and Silvette, 1961; cited in Ashton &
Stepney, 1982). In the burning cigarette the nicotine 
volatilizes and is present in the smoke as free nicotine 
suspended on minute droplets of tar. Those droplets, less 
than one thousandth of a millimeter across, are small 
enough, if inhaled, to reach the smallest passages (alveoli) 
in the lungs (Ashton & Stepney, 1982).
The amount of nicotine extracted from the cigarette 
depends on puffing frequency, puff duration and puff
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pressure, while the subsequent nicotine absorption in the 
lungs is determined by the depth and duration of smoke 
inhalation (Mangan & Golding, 1984). The nicotine in 
cigarette smoke has to be inhaled to be absorbed to any 
great extent. Non-inhaling cigarette smokers, who merely 
take the smoke into their mouths, absorb very little 
nicotine (Ashton & Stepney, 1982). Because the lungs have a 
vast surface area where thousands of small blood vessels 
course under the surface, and the surface fluid of the 
tissue is slightly alkaline, when cigarette smoke is 
inhaled, absorption of nicotine is both rapid and efficient 
(Ashton & Stepney, 1982). Absorption of nicotine through 
the lungs is nearly as efficient as intravenous injections, 
and it has been estimated that more than 90% of the nicotine 
in inhaled tobacco smoke is absorbed by the lungs (Mangan & 
Golding, 1984). When a cigarette is smoked and the smoke 
inhaled, blood nicotine levels rise rapidly and peak at 
roughly the time the cigarette is extinguished. There is 
then a steep decline in nicotine concentration until the 
next cigarette is smoked. If cigarettes are smoked at 
regular intervals, the effect is cumulative so that even at 
the low periods, nicotine levels are higher than the 
baseline period. (Ashton & Stepney, 1982).
Once taken into the lungs, nicotine is rapidly 
distributed throughout the body. It has been estimated that 
once tobacco smoke is inhaled, nicotine will reach the brain
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in about 8 seconds, and extremities such as the fingers and 
toes in about 20 seconds (Russel, 1976; cited in Mangan & 
Golding, 1984). However, nicotine is distributed unequally 
throughout the body in different body tissues. Studies with 
animals have shown that the brain and other nervous tissues 
take up nicotine more readily than other body tissues 
(Mangan & Golding, 1984). Peak plasma nicotine levels 
coincide with finishing of the last puff of an inhaled 
cigarette. The decay side of the curve has a half-life of 
less than 30 minutes, and is separated into two stages. The 
initial rapid drop (alpha half-life) caused by 
redistribution of nicotine in the body (uptake by the brain 
and venous mixing), lasts for 2-3 minutes, and the slower 
beta decline is caused by degradation of nicotine by the 
liver, kidneys and lungs, and excretion through the kidneys, 
and to a lesser extent the gut, salivary and sweat glands 
(Mangan & Golding, 1984). The half-life of nicotine levels 
in the brain has been estimated at 10-15 minutes (Mangan & 
Golding, 1984 ) .
While the brain of the smoker actively takes up 
nicotine, the body attempts to expel nicotine in two ways: 
either metabolize the nicotine to inactive forms, or excrete 
the active molecule.
Nicotine is converted into two main metabolites, 
cotinine and nicotine-N-oxide. The chief organ of metabolism 
is the liver, though some also occurs in the kidneys and
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lungs, but not the brain (Mangan & Golding, 1984). The 
ability of individuals to metabolize nicotine varies 
considerably and there is evidence that there may be 
differences between the sexes, with males metabolizing 
nicotine more efficiently than females (Thornton, 1978). 
There is also evidence that repeated exposure can increase 
nicotine metabolism. In general, a habitual smoker is more 
efficient at metabolizing nicotine than a non-smoker (Ashton 
& Stepney, 1982) .
The largest proportion of nicotine and its metabolites 
are excreted through the kidneys via urine, with a smaller 
amount being eliminated through sweat, saliva, and the milk 
of lactating women (Mangan & Golding, 1984).
Nicotine is a powerful sympathomimetic agent which 
produces widespread effects on the cardiovascular system.
The effects on the cardiovascular system are predominantly 
stimulant. There is an increase in heart rate, a rise in 
blood pressure, peripheral vasoconstriction with a drop in 
skin temperature in the extremities, and an increase in 
blood flow to the muscles. There is also a rise in blood 
sugar and fatty acids, and an increase in the adhesiveness 
and aggregation of blood platelets (Ashton & Stepney, 1982). 
All of these changes are well documented, do not occur with 
sham-smoking, and can be mimicked by intravenous injections 
or nasal inhalations of nicotine (Larson & Silvette, 1975; 
cited in Ashton & Stepney, 1982).
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Nicotine also has widespread effects on the 
neuroendocrine system. Nicotine increases the circulating 
levels of epinephrine and norepinephrine (Ashton & Stepney, 
1982), and increases levels of growth hormone, cortisol and 
vasopressin (Mangan & Golding, 1984). However, nicotine's 
most prominent effect on the neuroendocrine system appears 
to be its ability to mimic the actions of acetylcholine.
Acetylcholine (ACh) is a neurotransmitter believed to 
be associated with physical and mental arousal, learning and 
memory, and several aspects of emotion (Ashton & Stepney, 
1982). Nicotine acts mainly as a cholinergic agonist, which 
means it can exert actions like ACh at the ACh receptors. 
Thus it can trigger impulses down post-synaptic nerve 
fibers, resulting in effects which otherwise would occur 
when ACh is released. Synapses involving ACh are very 
widespread in the body affecting a variety of systems 
including cardiovascular, neuroendocrine and transmitter 
systems. Thus it can cause the secondary release of a 
variety of transmitters, depending on the neuron activated, 
including ACh itself, norepinephrine, serotonin, dopamine 
and a variety of peptides (Mangan & Golding, 1984; Ashton & 
Stepney, 1982).
Nicotine has biphasic effects on the body of the 
smoker. It initially stimulates the neuron of the ACh 
receptor, but the fixity of the nicotine/receptor 
combination then blocks any further response to ACh or more
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nicotine, thus blocking any further action at that receptor 
and preventing further stimulation (Ashton & Stepney, 1982). 
The degree of stimulation versus inhibition depends on the 
amount of nicotine present relative to the number of 
available ACh receptors: in general, small doses of nicotine 
produce a predominantly stimulant effect at synapses, larger 
doses produce a mainly depressant effect, while the effect 
of a lethal dose is to block nervous transmission altogether 
(Ashton & Stepney, 1982).
Nicotine action on the brain appears to follow a 
similar pattern: an initial excitatory action followed by a 
later inhibitory one (Mangan & Golding, 1984). Depending on 
factors such as the size of the puff, the depth of 
inhalation and the individual sensitivity of the subject's 
receptors, a smoker can get a predominantly inhibitory or a 
predominantly excitatory effect, or a mixture of both 
effects, from one cigarette (Ashton & Stepney, 1982).
Because nicotine reaches the brain in such a short time, the 
smoker can make rapid adjustments of his or her smoking 
behavior in order to achieve desired levels of nicotine, a 
so called "puff-by-puff finger-tip control" (Armitage, 1978; 
cited in Mangan & Golding, 1984). The ease with which 
nicotine can produce rapid, reversible, biphasic effects 
over a small dose range is a remarkable characteristic which 
singles it out from most other drugs (Ashton & Stepney,
1982).
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Much of the perplexity and paradox of nicotine results 
from the biphasic stimulant and depressant action at ACh 
receptor sites. Confusion also arises from the fact that 
nicotine affects the balance of activity in a number of 
opposing systems within the brain as well as the balance 
between the peripheral sympathetic and parasympathetic 
systems. Thus an increase in heart rate may arise either 
from a blockade of parasympathetic activity or from an 
increase in sympathetic activity. Compounded with this are 
variations in nicotine distribution, regional differences in 
dose effectiveness, and the time course of its action on 
opposing systems (Mangan & Golding, 1984). In addition, it 
has been shown in animals that the starting state of the 
organism (arousal) can modify the uptake, metabolism and 
neurochemical effects of nicotine (Essman, 1973; cited in 
Mangan & Golding, 1984), as well as subsequent behavioral 
effects (Domino, 1973; cited in Mangan & Golding, 1984).
Such effects are often explained under the concept of the 
Inverted-U-Curves (Yerkes-Dodson Law), relating performance 
to arousal.
For the cigarette smoker, probably the most important 
reinforcing feature of nicotine obtained from a cigarette is 
its dual nature as both a tranquilizer and a stimulant. With 
the smoker having the ability to manipulate his or her 
smoking behavior in a manner consistent with obtaining
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stimulant or depressant actions appropriate to his or her 
prior state of arousal (Mangan & Golding, 1984).
Nicotine has been studied on a wide range of human 
behaviors, with a facilitative effect of performance on some 
tasks and an inhibitory effect of performance on others.
West & Jarvis (1986) conducted a series of 5 
experiments which tested the effects of a nasal nicotine 
solution with non-smokers on a finger tapping task. It was 
found that the rate at which the subjects tapped their 
fingers on a standard computer keyboard was significantly 
increased from baseline levels when 2mg doses of nasal 
nicotine solution were administered compared to placebo or 
0.15mg nicotine solution. Also, they found that this effect 
was reduced by a single 2.5mg dose of a central cholinergic 
blocking agent, mecamylamine, but not a placebo. These 
results indicated that nicotine facilitates performance on a 
simple motor task.
Mangan (1982) tested the effect of nicotine on a 
auditory vigilance task. Twenty-four male subjects were 
assigned to one of two groups, a low (0.7mg) or a high 
(1.3mg) nicotine cigarette group. They were to refrain from 
smoking for 2 hours prior to each test session. Subjects 
participated in two sessions one week apart. In one session, 
the subject smoked a cigarette in a 10 minute period prior 
to the vigilance task (treatment), in the other session, the 
subject relaxed during the corresponding 10 minute period
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(control). The subjects either smoked a 0.7mg nicotine 
cigarette or a 1.3mg nicotine cigarette, then were 
instructed to detect 600 target sounds from background 
noise. The target tones were presented at a rate of one 
every three seconds. The results indicated that smoking 
prior to the task facilitated vigilance compared to 
controls. Facilitation occurred in different ways depending 
on the dose of nicotine. The low nicotine (0.7mg) group 
improved vigilance by increasing the number of detections, 
and the high nicotine (1.3mg) group improved vigilance by 
decreasing the number of false positives.
Studies have also looked at the effect nicotine has on 
a Rapid Visual Information Processing (RVIP) task. Wesnes & 
Warburton (1983) conducted two experiments to test 
nicotine's effect on a RVIP task. The task consisted of 
detecting 3 consecutive odd or even digits displayed within 
a block of digits presented on a visual display unit at a 
rate of 100 digits per minute. In both experiments testing 
occurred in the morning, and subjects were to abstain from 
smoking overnight and refrain from caffeine products the 
morning of testing. In experiment 1 they tested 24 male 
chronic smokers (15+ cigarettes per day) during three 
sessions, 24 hours apart, using a within subjects design. 
After a 10 minute baseline was established, each subject 
smoked a 0.28mg (control), a 0.71mg or a 1.65mg nicotine 
cigarette prior to the task. The results indicated that
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nicotine facilitated performance over the baseline compared 
to the control, with both accuracy of detection and speed of 
detection improving in a dose dependent manner. In the 
second experiment they tested 6 male and 6 female chronic 
smokers (15+/day) using a within subjects design. Subjects 
were tested on three separate occasions (24 hours apart) 
with the same tasks used in experiment one. In each session 
subjects smoked either a nicotine free, a 0.6mg or a 1.84mg 
nicotine cigarette. The results indicated that both speed 
and accuracy improved above baseline levels in the nicotine 
sessions, while in the non-nicotine sessions, performance 
deteriorated over time. The authors explained this result 
by nicotine's action on central cholinergic pathways. They 
suggested this data is consistent with the hypothesis that 
cholinergic pathways in the brain determine the efficiency 
of information processing by controlling electrocortical 
arousal, and nicotine produces an increase in 
electrocortical arousal by a release of acetylcholine at the 
cortex.
Parrot & Winder (1989) tested the effect of nicotine on 
a RVIP task and on memory for a word list. All testing 
occurred in the morning between 9:30 and 12:30. Subjects 
were instructed to abstain from smoking the morning of 
testing. Using a within subjects design, 16 male chronic 
smokers (15+/day) participated in each of four treatments. 
Subjects chewed gum that delivered 2mg of nicotine, 4mg of
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nicotine, a placebo, or smoked a cigarette (each subject 
smoked their brand of preference). During each testing 
session subjects completed an RVIP task identical to that of 
Wesnes & Warburton (1983) and a word recall task. Prior to 
the administration of the treatments, a baseline was 
established for performance on the RVIP task and on both the 
immediate and delayed recall of the word list. The word 
recall task consisted of presentation of 16 words for 30 
seconds followed by an immediate written recall and a 
delayed (after the RVIP task) recall. Heart rate was 
monitored throughout the experiment. Test results were 
analyzed by comparing the pre-treatment to the post­
treatment difference scores on each task. Results indicated 
that smoking and the 4mg nicotine gum treatment facilitated 
target detection on the RVIP task. The 2mg gum improved 
performance but not significantly. No treatment had any 
effect on immediate or delayed recall of the word lists. 
Heart rate was significantly increased in all nicotine 
conditions compared to controls, with the greatest increase 
in the smoking condition.
Sahakian, Jones, Levy, Gray & Warburton (1989) tested 
the effects of nicotine on a series of performance tasks. 
Seven young adults (mean age 27), 7 elderly normal controls 
(mean age 70) and 7 elderly adults with dementia of the 
alzheimer type (DAT) served as the subjects. Each subject 
participated in the following treatment sessions over a 40
13
minute time span: an undrugged baseline, a placebo session, 
3 sessions with nicotine (0.4mg, 0.6mg and 0.8mg), a placebo 
session and an undrugged baseline. The placebo (saline) and 
nicotine were injected subcutaneously. During the sessions 
the subjects were tested on the following tasks: Short-term 
memory (WAIS digit-span forward, and a delayed response test 
which tested recall of as many as 6 sequences of faces at 
0, 4 or 16 seconds), a Finger-Tapping task to measure motor 
speed, the Critical Flicker Fusion test, where subjects were 
to detect a flashing or flickering light, and a RVIP task, 
where the subjects were to detect only consecutive odd or 
even ascending or descending digits. The results showed that 
the young group and the DAT elderly group increased their 
ability to detect digits and their reaction times on the 
RVIP task, and this was dependent on the dose of nicotine. 
Also nicotine improved the rate of finger tapping and the 
detection of a flickering light in the DAT group. The 
results of the Short-Term Memory task showed no significant 
effects of nicotine. The authors concluded that because 
nicotine is a cholinergic receptor agonist, it may some day 
be of use in treating individuals with Dementia of the 
Alzheimer Type.
A number of studies have been done testing nicotine's 
effect on learning and memory tasks. Anderson & Post (1974) 
using a within subjects design tested nicotine's effect on 
verbal rote learning of nonsense syllables. Twelve male
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moderate smokers (no more than 5 cigarettes smoked per day) 
took part in the study. Subjects were told to abstain from 
smoking and consuming caffeine-containing products beginning 
the midnight before testing. There were two test sessions 5 
days apart, and subjects smoked in each session either two 
2.1mg nicotine cigarettes or two nicotine free cigarettes. 
Testing occurred each morning between 8:30 and 9:30. Each 
session consisted of learning 30 nonsense syllables 
projected on a screen for 3 seconds with a 1 second interval 
between syllables. Each subject was to name the next 
syllable in sequence after each presentation. Each subject 
had 30 trials to learn the syllables, and after the 10th and 
the 20th trial, a cigarette was smoked. Heart rate was 
measured throughout the study at fixed intervals. The 
results indicated that nicotine impaired further learning of 
the syllables after the first cigarette was smoked (trial 
10), but enhanced further learning of the syllables after 
the second cigarette was smoked (trial 20). Heart rate 
significantly increased after smoking the first cigarette 
and remained higher throughout the experiment in subjects 
who smoked a nicotine cigarette compared to a nicotine free 
cigarette.
Anderson (1975) again looked at the effect nicotine had 
on verbal rote learning. Ten male habitual smokers (5-15 
cigarettes/day) participated in two experimental sessions 5 
days apart. Subjects were told to abstain from smoking or
15
consuming caffeine-containing products beginning the 
midnight before testing. Testing occurred between 10:00 and 
11:00 each morning. In each session 25 nonsense syllables 
were projected on a screen one at a time for 3 seconds, with 
a 1 second inter-syllable interval, and the subjects were to 
respond by naming the next syllable. The number of correct 
responses was recorded for each trial. Each session 
consisted of 21 trials, with a pause after trial 10 and 
trial 20 where smoking (2.lmg nicotine cigarette) or no 
smoking (resting) occurred. The final trial (#21) occurred 
45 minutes after smoking the 2nd cigarette. Subjects worked 
on a jig-saw puzzle during the 45 minute delay period. Heart 
rate was also measured throughout the session at fixed 
intervals. The results indicated that smoking a cigarette 
after the 10th trial impaired further learning of the 
nonsense syllables, but smoking a cigarette after the 20th 
trial enhanced further learning after a 45 minute rest 
period. Level of arousal as measured by heart rate coincided 
with the effect on further learning. Heart rate was 
significantly increased after the first cigarette when 
further learning was impaired, but not significantly higher 
after the 45 minute rest when further learning was enhanced. 
The author attributed differences in further learning to 
level of arousal caused by nicotine. The results were 
interpreted in terms of Walker's (1958) theory postulating 
that consolidation of the memory trace is accompanied by a
16
temporary inhibition of recall serving to protect the trace 
against disruption. Under conditions of high arousal (caused 
by smoking the cigarette) the increased nonspecific neural 
activity is assumed to produce a more intense consolidation 
leading to improved long-term memory but also a less 
accessible trace in the short term.
Williams (1980) wanted to test the effect nicotine had 
on a letter cancellation task and a short-term memory task 
with different kinds of smokers. The design used was a 
3(degree) X 2(type) X 4(dose) with repeated measures on the 
dose of nicotine. Subjects were classified by degree of 
smoking into light smokers (15 or fewer cigarettes/day), 
medium smokers (16-25 cigarettes/day) and heavy smokers (25+ 
cigarettes/day). From the questionnaire developed by Frith 
(1971) they were further classified into type of smoker: low 
arousal smokers (who had a greater desire to smoke in low 
arousal situations, e.g. monotonous, boring, etc.), or high 
arousal smokers (who smoked more in high arousal situations, 
e.g. anxiety provoking, exciting, etc.). Fourty-eight male 
subjects participated in 4 treatment conditions over 4 days 
which included: sham smoking of an unlit cigarette 
(control), a 0.6mg, a 1.3mg or a 1.8mg nicotine cigarette. 
Subjects were to abstain from smoking and caffeine 
consumption overnight prior to the day of testing. Testing 
began each morning at 10:00. Each subject was tested on a 
letter cancellation task where they were to cross out all
17
letters of "E" on a sheet of random letters in 3 minutes. 
Also subjects were given a short-term memory task where six 
sequences of 9 random digits were presented at a rate of 1 
per second, and subjects were to recall in writing the 
digits in the correct order after each presentation. Each 
session followed the same procedure (letter cancellation 
task, short-term memory, smoking, short-term memory, letter 
cancellation task) and gain scores from pre- to post­
treatment were analyzed. The results showed a significant 
main effect of dose and type of smoker on the letter 
cancellation task, with the low arousal smoker showing a 
larger increase in the number correctly cancelled than the 
high arousal smoker. In the short-term memory task, the pre­
treatment scores served as the covariate and the number of 
errors was analyzed. It was concluded that as the dose of 
nicotine increased, the number of errors in immediate recall 
also increased, and this was more pronounced in the low 
arousal smokers.
In yet another study, Mangan (1983) used two 
experiments to test the effect of nicotine on verbal 
learning and retention. In both experiments subjects were to 
refrain from smoking at least 1 hour before testing began. 
The first study examined nicotine's effect on a paired 
associate learning task. Using a within subjects design, 16 
male subjects participated in 1 practice and 6 experimental 
sessions that occurred one week apart. In each session
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subjects learned a 10 pair word set to a criterion of two 
consecutive error-free reproductions. The word pairs were 
either high interference or low interference word pairs.
High interference word pairs were uncommon (miss/white, 
black/take, etc.), low interference word pairs were words 
that commonly appear together (miss/take, black/white, 
etc.). The words were presented on a memory drum, one every 
3 seconds, using a serial anticipation method where the 
subjects were to respond with the target word after being 
presented the cue word. After each subject achieved 
criterion, he read a book for 30 minutes, after which he was 
retested for recall of the list. In each of the 6 sessions 
(3 high interference and 3 low interference), the subjects 
either chatted with the experimenter (control), or smoked 
either a 0.7mg or a 1.3mg nicotine cigarette prior to the 
trials. The results showed that smoking a 1.3mg nicotine 
cigarette impaired learning of a low interference paired 
associate list, but facilitated learning of a high 
interference paired associate list, with both doses 
enhancing recall of the lists after 30 minutes compared to 
controls. The second part of the study looked at serial 
learning. Using a within subjects design, 8 male subjects 
participated in three sessions one week apart. Each session 
consisted of 12 trials (4 practice and 8 experimental) where 
20 words were presented on a memory drum at a rate of 1 
every 3 seconds. After each trial, subjects wrote down as
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many words as they could remember in the order of 
presentation in which they occurred. In each session after 
the 4 practice trials, each subject either chatted for 5 
minutes with the experimenter (control), or smoked a 0.7mg 
or a 1.3mg nicotine cigarette prior to the test trials. The 
results showed that both doses of nicotine facilitated 
learning of the words at the primacy portion of the list 
compared to controls, indicating that nicotine facilitated 
the long term retention of the words.
Mangan & Golding (1983) tested the effect of post-trial 
administration of nicotine on a paired associate learning 
task. Using a between subjects design, 69 male subjects (15 
nonsmokers and 54 smokers with a mean number of smoked 
cigarettes per day of 16) were divided into 5 groups: 
Nonsmoking (n=15), deprived smokers (those who did not smoke 
after learning the task, n=18), low nicotine (0.8mg, n=ll), 
medium nicotine (1.3mg, n=12), and high nicotine (2mg, 
n=13). Subjects were to refrain from smoking one hour before 
testing began. Testing began at either 10:30 in the morning 
or 4:00 in the evening, with about an equal number of 
subjects from each group being tested at each time. The task 
consisted of 10 word pairs. Each subject was to learn the 
pairs to 1 error free trial, after which the subjects in the 
smoking conditions smoked their cigarettes, and the subjects 
in the nonsmoking groups read. All subjects were tested for 
recall of the word pairs (# of trials to criterion and
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initial errors) at 1/2 hour, one day, one week and one 
month. The results showed that recall of the word pairs was 
impaired (more errors) at 30 minutes by all the nicotine 
groups compared to nonsmokers, and at one month (the smokers 
required more trials to relearn the word pairs than the 
nonsmokers). However, also at one month, the low and 
moderate nicotine groups showed better recall (fewer initial 
errors) than the high nicotine group and the nonsmokers.
Thus depending on which criterion is used (initial errors or 
trials to criterion), nicotine can be said to either 
facilitate or impair memory when administered post­
acquisition on this paired associate learning task.
Peeke & Peeke (1984) in a series of experiments tested 
the effect of nicotine on recall of word lists on both pre- 
and post-trial administration. In each experiment subjects 
were to abstain from tobacco and caffeine products for 2 
hours prior to testing. In each smoking condition, the 
subjects were to inhale each puff and finish smoking in a 10 
minute period. Heart rate was assessed before smoking, 
immediately after smoking, and 60 minutes after smoking. In 
experiment 1, using a within subjects design, 18 male 
experienced smokers (all had smoked regularly for at least 
two years) participated in 3 test sessions one week apart. 
Each session occurred at roughly the same hour of the day 
for a given subject. In each session a list of 50 words was 
presented 2 times via tape recorder at a rate of 1 word per
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second. The same list was presented the second time in a 
different random order. After both presentations of the 
words, subjects were tested for recall immediately, 10 and 
45 minutes later. The three conditions were: pretrial 
smoking (subjects smoked their preferred brand of cigarette 
before presentation of the words), posttrial smoking 
(subjects smoked their preferred brand of cigarette after 
both presentations of the words), and no smoking. The 
results indicated that smoking had no effect on immediate 
recall, however, pretrial smoking of a cigarette of 
preference enhanced delayed recall of a word list at 10 and 
45 minutes compared to no smoking or posttrial smoking.
Also, heart rate significantly increased immediately after 
smoking in both conditions.
In experiment 2, using a between subjects design, 76 
subjects (37 male, 39 female), were categorized into low 
(70-112 mg nicotine/week), moderate (113-163 mg 
nicotine/week), and high (164-225 mg nicotine/week) 
consumption groups. Subjects were then assigned to one of 
five treatment groups: nonsmoking, pretrial smoking, 
posttrial 1 (subjects smoked the cigarette one minute after 
the lists were presented), posttrial 5 (subjects smoked the 
cigarette 5 minutes after the lists were presented), and 
posttrial 30 (subjects smoked the cigarette 30 minutes after 
the lists were presented). In the smoking conditions, each 
subject smoked a 1.38mg nicotine cigarette. Subjects were
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presented with a list of 20 nouns twice by tape recorder, 
at a rate of 1 word every 2 seconds. The subjects wrote the 
word down during the two second interval, and 24 hours later 
were tested for recall and recognition of the words. The 
results showed that smoking a cigarette before being 
presented a list of words enhanced recall 24 hours later 
compared to nonsmoking or posttrial smoking, but the results 
were only significant in the low and moderate smoking 
groups. Heart rate significantly increased after smoking, 
with the increase greater in the low and moderate smoking 
groups. Recognition was unaffected by either treatment.
In experiment 3, using a within subjects design, 20 
subjects (10 male, 10 female) were classified into either 
light (55-120 mg nicotine/week) or heavy (140-386 mg 
nicotine/week) smokers. Each participated in three sessions 
one week apart at approximately the same time of day for 
each session. In each session they either smoked a 0.4mg 
nicotine cigarette, a 1.38mg nicotine cigarette or rested 
prior to two presentations of a 50 word list. Subjects were 
tested for immediate as well as delayed (10 and 45 minutes) 
recall of the words. The results showed that pretrial 
smoking enhanced both immediate and delayed recall of the 
words, but only with the high nicotine dose (1.38mg). Heart 
rate was significantly increased, with a greater effect of 
the high dose (1.38mg) on the light smoking group, with
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females in both groups reacting stronger to both doses than 
males.
In experiment 4, the authors wanted to test the effect 
of nicotine on depth of processing using an incidental 
learning paradigm. Seventy-six subjects were assigned to 
either a 0 mg nicotine, a 0.4mg nicotine or a 1.38mg 
nicotine dose group, with approximately the same number of 
light, moderate and heavy smokers in each group. The task 
consisted of presentation of 72 words via slide projector, 
each word being shown for 2 seconds, followed by a 6 second 
interval where a question was asked about the upcoming word 
requiring one of three encoding methods: structural (e.g., 
"Is the word in capital letters?"); acoustic (e.g., "Does 
the word rhyme with money?"); or semantic (e.g., "Is the 
word a type of boat?"). Subjects were to respond yes or no 
to the question after viewing each word. Following 
presentation of the list, subjects had 5 minutes to recall 
the words, followed by a recognition task. The results 
showed that nicotine had no effect on incidental learning of 
the words (recall or recognition). Recall and recognition 
increased as the depth of processing increased, such that 
words processed semantically were recalled more than those 
processed acoustically, which were recalled more than those 
processed structurally. The general conclusion of these 4 
studies was that smoking a cigarette prior to learning a
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list of words enhances recall of the list under intentional 
memory instructions.
Peters & McGee (1982) wanted to determine if nicotine 
influenced memory in a state dependent manner. The 
experiment took place over two consecutive days. Subjects 
were to abstain from tobacco and caffeine products the night 
before each morning of testing. The task was to remember a 
list of 15 words presented via slide projector at a rate of 
one word every two seconds. Recall of the list was tested 
immediately after presentation, with recall and recognition 
of the list being tested after 24 hours. Fifty-six subjects 
were divided into four groups. Group one smoked the high 
(1.4mg) nicotine cigarette before learning on day one and 
before recall on day two (H-H), group two smoked the low 
(0.2mg) cigarette on day one and day two (L-L), group three 
smoked the high on day one and the low on day two (H-L), and 
group four smoked the low on day one and the high on day two 
(L-H). The results showed no effect of nicotine on immediate 
memory of the words. However, an asymmetrical state 
dependent effect was found. Learning the words after smoking 
a high nicotine content cigarette on day one, but recalling 
them on day two after smoking a low nicotine cigarette (H-L) 
impaired recall of the words compared to the (H-H) group. 
Although the (L-L) group recalled more words than the (L-H) 
group, the results were not statistically significant, thus 
the asymmetrical interpretation. However, with such a small
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number of words in the list (15), it is difficult to explain 
these results.
Warburton, Wesnes, Shergold & James (1986) conducted 
two experiments to test nicotine's effects on learning and 
state dependency. In both experiments subjects were to 
refrain from smoking and caffeine the night before testing. 
Testing occurred each morning between 8:30 and 10:30. In 
experiment 1, 40 subjects (20 male and 20 female) were 
blocked into low (1-10), medium (11-19) or high (20+) 
smoking groups according to the number of cigarettes smoked 
per day. The cigarette smoked in the experiment contained 
1.3mg of nicotine. Each subject was presented 15 Chinese 
ideograms for 20 seconds each, and after 1 hour was given a 
recognition task of the ideograms. There were 4 experimental 
groups with 10 subjects in each. The groups were the 
standard groups to test state dependency. Group one smoked a 
nicotine cigarette before learning and before recognizing 
the ideograms, group two did not smoke before learning or 
recognizing, group three smoked the cigarette before 
learning but did not smoke before recognition, and group 
four did not smoke before learning, but did smoke before 
recognition. The results showed that smoking a cigarette 
before learning the ideograms enhanced recognition of the 
ideograms one hour later compared to not smoking prior to 
learning them. Also a state dependent effect on learning was 
observed. In the conditions where treatments remained the
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same (smoking-smoking; nonsmoking-nonsmoking) on both days 
(learning and recognition) recognition was better than if 
treatments were altered (smoking-nonsmoking; nonsmoking­
smoking ) .
The second experiment also used 40 subjects (20 males & 
20 females) who were divided into the four groups needed to 
test for state dependency. Nicotine was presented in tablet 
form, and the task was a list of 48 words presented one 
every two seconds via tape recorder. After the presentation 
the subjects were prevented from rehearsing the words and 
after one minute were tested on a free recall test. The 
second recall occurred after one hour. The results showed 
that recall of the words was enhanced when tested one minute 
as well as one hour after learning if nicotine was given 
prior to learning compared to a placebo. Also, a state 
dependent effect on learning and memory was observed. More 
words were recalled at one hour if treatments (nicotine- 
nicotine; placebo-placebo) were the same prior to learning 
and recalling the words, than if they were altered 
(nicotine-placebo; placebo-nicotine).
Anderson & Hockey (1977) wanted to test the effect 
nicotine had on an incidental learning task. Subjects were 
instructed to abstain from smoking or caffeine products the 
morning of testing, which occurred at 11:00. Fifty female 
subjects who smoked a mean number of 13 cigarettes per day 
were divided into two treatment groups: smoking (2.3mg
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nicotine cigarette) or nonsmoking (where they rested during 
the smoking period). Subjects smoked or rested prior to the 
task. The task consisted of projecting two lists of eight 
bisyllabic adjectives on a screen at a rate of one every two 
seconds. The adjectives could appear in any of the 4 corners 
of the screen. After the lists were presented, the subjects 
were told to write down as many as they could remember, as 
well as the corner they were projected in. Heart rate was 
taken before smoking, after smoking, and at the completion 
of the experiment. The results showed that nicotine had no 
effect on the immediate recall of the adjectives, but 
impaired recall of the position on the screen they were 
projected in (incidental learning). Also, heart rate was 
significantly increased after smoking the cigarette. The 
authors concluded that nicotine reduced the subjects 
attention to irrelevant information.
Houston, Schneider & Jarvik (1978) tested nicotine's 
effect on 23 subjects on a 75 item word list. Subjects were 
divided into two groups: nicotine (1.5mg nicotine) cigarette 
or non-nicotine cigarette. Subjects were to refrain from 
smoking for 3 hours before the experiment. The list was 
presented orally by the experimenter at a rate of one word 
every two seconds. After each presentation, the subjects 
wrote down as many words as they could remember. There were 
4 different orderings of the words, and 4 different 
presentations. The first served as a practice, after which
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the subjects smoked their cigarettes, then proceeded with 
the other 3 presentations and recalls, as well as a 48 hour 
recall of the list. To control for state dependent learning, 
half of the subjects in each treatment group smoked the 
other groups' cigarette prior to recall at 48 hours. The 
results showed that nicotine impaired immediate recall of 
the word list, with recall after trials one and three being 
significantly lower than the control, trial two was not 
significant. The two day delayed retention of the words also 
showed that nicotine impaired retention of the list compared 
to the control.
Dunne, Macdonald & Hartley (1986) tested the effect 
nicotine had on problem solving performance. Using a within 
subjects design, 16 female nonsmokers participated in two 
sessions two weeks apart. Subjects were instructed to 
refrain from consuming caffeine-containing products for 2 
hours before each session. Each session consisted of 3 word 
and 3 number tasks. Each word task consisted of 18 pairs of 
antonyms, with 3 levels of presentation difficulty. The 
experimenter presented both words, (e.g., DARK-LIGHT) or the 
experimenter presented one word and the subject generated 
the other word given low information of that word,(e.g. 
DARK-LI), or the experimenter presented one word and the 
subject generated the other word given high information of
that word (e.g., DARK-L__HT). Each number task consisted of
20 trials of 5 digit number sequences with 4 modes of
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presentation. Experimenter provided-easy (e.g., 203; 206; 
209; 212; and 215), experimenter provided-difficult (e.g., 
262; 265; 269; 274 and 280), subject generated-easy (e.g.,
203; 206; 209; 212; and ___), or subject generated difficult
(e.g., 262; 265; 269; 274; and ___). Subjects chewed either
4mg nicotine gum or placebo gum before beginning the tasks. 
Subjects were tested for immediate and delayed recall (1 
minute after the immediate recall) and delayed recognition 
(immediately after the 1 minute recall) after each word and 
number task. The results showed that although nicotine had 
no effect on a subject's ability to generate new 
information, it had an impairing effect on memory. Chewing 
nicotine gum before beginning the tasks impaired immediate 
recall of both the word and number tasks, as well as delayed 
recall and recognition of both words and numbers compared to 
the placebo gum.
A brief summary of these articles shows that nicotine 
has been generally found to facilitate performance on the 
rate of finger-tapping (West & Jarvis, 1986), letter 
cancellation (Williams, 1980), vigilance tasks (Mangan, 
1982), and Rapid Visual Information Processing Tasks (Wesnes 
& Warburton, 1983). However, nicotine's effect on learning 
and memory has been confusing at best.
One study (Anderson & Hockey, 1977) found nicotine to 
impair (incidental) learning, and three studies reported 
both an impairment of learning and an enhancement of
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learning. Anderson and Post (1974) and Anderson (1975) 
reported that smoking a cigarette first impaired learning of 
a list of words, while smoking a second enhanced learning of 
the list of words. While Mangan (1983) found smoking 
facilitated the learning of high interference word pairs, 
but impaired learning the low interference word pairs.
On short term memory tasks, Sahakian et al. (1989) 
reported no effect of nicotine, while Williams (1980) 
reported an impairment effect of nicotine.
On immediate recall of lists Parrot and Winder (1989) 
and Anderson and Hockey (1977) reported no effect of 
nicotine, Peeke and Peeke, (1984, experiment #3) reported an 
enhanced effect of nicotine, while Houston et al. (1978) and 
Dunne et al. (1986) reported an impairment effect of 
nicotine.
On delayed recall of word lists Parrot and Winder 
(1989) reported no effect of nicotine, Mangan (1983) and 
Peeke and Peeke (1984) reported an enhanced effect of 
nicotine, while Mangan and Golding (1983), Houston et al. 
(1978) and Dunne et al. (1986) reported that nicotine 
impaired delayed recall.
Two studies, Peters and McGee (1982) and Warburton et al. 
(1986) reported a state dependent effect of nicotine on 
learning and memory.
Some of this confusion may be explained by addressing 
the differences between the studies on variables used to
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test nicotine's effects on learning and memory. The studies 
reviewed above varied on the tasks that were used. Some used 
word lists which varied on the number of words from 16 to 
75, as well as method of presentation, using both auditory 
and visual. Some used lists of nonsense syllables, lists of 
adjectives, and lists of Chinese ideograms, while some used 
a paired associate learning task and one an incidental 
learning task.
Studies varied on how memory was assessed. Some used 
recall, recognition or both, with testing being immediately 
after learning or after a delayed period of time, which 
varied from 5 minutes to 30 days.
Studies varied on the timing of drug administration 
with some administering the drug before (pre-acquisition) or 
after (post-acquisition) the learning of the material. Also, 
the type of design varied across studies, such that nicotine 
was manipulated within subjects in some experiments and 
between subjects in others, or a combination of both.
Dose levels of nicotine also varied. Some used a 
nicotine free cigarette as a control, one used a 0.2mg 
nicotine cigarette as a control, and some just occupied the 
time used for smoking with something else. The highest dose 
of nicotine varied from 1.3mg to 2.3mg of nicotine per 
cigarette.
Method of administration varied. The most frequently 
used method was smoking, while others used chewing gum,
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tablets laced with nicotine, or used a nasal spray to 
administer nicotine, while one subcutaneously injected a 
nicotine solution.
The specific nature of the subjects in these studies 
differed. Some used exclusively males, exclusively females 
or a combination of both. Some used exclusively non-smokers, 
exclusively smokers or a combination of both. Those that 
used exclusively smokers usually grouped them based on 
habitual consumption level, which was determined by the 
number of cigarettes smoked per day or week. With such 
variation between studies, it is no wonder that some 
confusion exists concerning nicotine's effect on learning 
and memory.
Because nicotine can act as both a stimulant and a 
depressant depending on the interaction of the dose given 
(low dose causing a stimulating effect, and high dose 
causing a depressant effect), the circumstances (high 
arousal or low arousal situation), and the personality of 
the smoker (introvert or extravert) (Ashton & Stepney,
1982), it can be assumed that nicotine has an influence on 
the arousal level of the smoker. And since level of arousal 
has been implicated as an important variable when discussing 
human performance, perhaps nicotine's influence on learning 
and memory may be explained within this framework.
The Yerkes-Dodson Law attempts to explain the influence 
of arousal on performance. This law states that there is an
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inverted U function relating performance to cortical 
arousal, and that optimal performance occurs at the middle 
levels of arousal. Both low and high levels of arousal will 
lead to less than optimal levels of performance. Thus 
individuals should perform at their best when their level of 
arousal is at its optimal level, not being underaroused or 
overaroused.
Eysenck (1967) has incorporated level of arousal and 
performance within a personality framework. Eysenck 
suggested that the personality dimension of
introversion/extraversion can be explained by physiological 
differences between the individuals, in their levels of 
cortical arousal. Because arousal level is controlled by the 
reticular activating system in the brain, it can be assumed 
that individuals differ on their endogenous level of 
arousal. Eysenck has suggested that introverts have a higher 
basal level of arousal than extraverts. He has suggested 
that the behavior of extraverts is a result of their attempt 
to raise their natural level of arousal to a higher level. 
The behavior of introverts may be explained by their attempt 
to avoid further stimulation, and prevent any increase in an 
already high level of arousal. It can then be assumed that 
stimulation of the introvert by whatever means (drugs, 
external stimulation, etc.) should cause overstimulation and 
overarousal and thus impair performance. However, 
stimulation of the extravert should bring their level of
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arousal closer to an optimal level and should enhance 
performance.
Revelle, Humphreys, Simon & Gilliland (1980) have 
suggested that the personality dimension of 
introversion/extroversion (as measured by the Eysenck 
Personality Inventory-EPI) per se is not as robust an 
indicator of arousal level as is the impulsivity subscale on 
the EPI. They have also suggested that time of day is an 
important variable that modulates the effect of arousal on 
performance. They found that for low impulsives 
(introverts) administering a stimulant (caffeine) hindered 
performance in the morning but facilitated performance in 
the evening. The opposite occurred for high impulsives 
(extraverts), such that administering caffeine facilitated 
their performance in the morning but impaired performance in 
the evening. The results of Revelle et al. (1980) contradict 
Eysenck's (1967) theory of introversion/extraversion. Rather 
than an overall difference between introverts and extraverts 
in level of arousal, they suggest that introverts and 
extraverts have the same overall level of arousal, but that 
there are stable differences in the phases of diurnal rhythm 
of introverts and extraverts which affect the relationship 
between personality and performance.
Humphreys and Revelle (1984) have developed a model in 
an attempt to explain the influence of personality 
(introversion/extroversion, impulsiveness, achievement
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motivation and anxiety), situational moderators (success, 
failure, time pressure, incentives, time of day and 
stimulant drugs), and motivational states (arousal and 
effort) upon information processing and cognitive 
performance. According to this model, the personality trait 
of impulsivity interacts with time of day to determine the 
subjects' level of arousal, such that low impulsives 
experience peak levels of arousal early in the day and high 
impulsives experience peak levels of arousal later in the 
evening. This level of arousal may be manipulated by drugs 
such as stimulants and depressants.
They also state that information processing consists of 
two components: sustained information transfer and short­
term memory. Sustained information transfer is reflected by 
performance on such tasks as reaction time, vigilance, and 
letter cancellation. These tasks require the subject to 
process a stimulus, associate a response to the stimulus, 
and execute the response. They are characterized by little 
need to retain information in short-term memory. Short-term 
memory tasks require subjects to maintain the incoming 
information in an available state by rehearsal or other 
means. Sustained information tasks and short-term memory 
tasks may be viewed as two ends of a continuum. In practice 
however, some elements of each are involved in most tasks, 
but researchers attempt to choose experimental tasks which 
consist chiefly of one or the other of these two components.
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This model assumes that information processing capacity is 
limited and that resources will be allocated according to 
the demands of the task and the availability of the 
resources.
They have further postulated that a negative 
relationship exists between arousal and short-term memory 
performance, with increases in arousal causing a decrement 
in performance on tasks that place heavy demands on short­
term memory. However, a positive relationship exists between 
arousal and sustained information transfer, with increases 
in arousal causing an increase in performance on tasks such 
as letter cancellation and reaction time.
The purpose of the present study was to investigate the 
effect of smoking on memory for prose passages. Arousal was 
assumed to vary when subjects smoked cigarettes of different 
nicotine yields. Subjects were assigned to a placebo (0.lmg 
nicotine cigarette), a low dose (0.7mg nicotine) or a high 
dose (1.5mg nicotine). Physiological measures of arousal 
were obtained by measuring systolic and diastolic blood 
pressure, and heart rate. Self reported measures of trait 
arousal and state arousal were determined by subjects 
completing the Eysenck Personality Inventory (Eysenck & 
Eysenck, 1963) and the State Anxiety Inventory (Spielberger, 
1970) respectively.
Theoretical accounts of prose processing emphasize that 
text processing places heavy demands on working memory
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capacity. That is, subjects must rapidly activate word 
meanings from long-term memory while simultaneously 
integrating information in working memory. Since Humphreys 
and Revelle (1984) have suggested that increases in arousal 
cause a decrement in performance on tasks that place heavy 
demands on working memory, one possibility is that because 
nicotine acts like an arousant in small doses, recall of 
prose passages should be impaired. However, previous work in 
our lab has suggested that caffeine facilitates prose recall 
in both men and women (Hager, 1985; Brouse, 1990).
Therefore, if nicotine acts like a stimulant in small doses, 
another possibility could be that nicotine should facilitate 
prose recall in a dose dependent manner.
Subjects were assigned to each treatment group in an 
attempt to equate the groups on verbal ability (as measured 
by the vocabulary subtest of the Wechsler Adult Intelligence 
Scale-Revised, (Wechsler, 1981)), habitual nicotine 
consumption levels (which were self reported on a pre- 
experimental questionnaire), and impulsivity level (as 
measured on the EPI). This was done because verbal ability 
has been found to co-vary with recall of prose passages. 
Subjects with high verbal ability tend to recall more of 
each passage than those with low verbal ability (Petros, 
Bentz, Zehr & Hammes, 1990). Nicotine consumption level of 
the subjects was equated across groups because metabolism of 
nicotine has been found to vary depending on habitual number
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of cigarettes smoked per day. Heavy smokers metabolize 
nicotine in less time and more efficiently than light 
smokers. Also, increases in heart rate after smoking a 
cigarette tend to be more pronounced in light smokers 
compared to heavy smokers (Peeke & Peeke, 1984). Impulsivity 
level was equated across dosage groups because subjects' 
level of arousal has been found to influence performance on 
memory tasks (Revelle, Humphreys, Simon & Gilliland, 1980). 
Assuming nicotine increases arousal, this increase may 
influence performance differently depending on if the 




Forty-five male smokers enrolled in undergraduate 
psychology classes at the University of North Dakota served 
as subjects. Subjects were selected from a pool of students 
who had earlier completed a questionnaire assessing habitual 
smoking levels. Subjects who reported that they regularly 
inhale, have smoked daily for at least the past three 
months, were free from any illness (heart disease, high 
blood pressure, cold or flu etc.) and not presently taking 
any medication were selected as subjects. Subjects were 
assigned to one of three dose groups in an attempt to match 
the groups on verbal ability, impulsivity level, habitual 
smoking level and years of smoking. The groups consisted of 
a low nicotine cigarette control group (O.lmg, n=15), a 
moderate nicotine cigarette group (0.7mg, n=15), and a high 
nicotine cigarette group (1.5mg, n=15). Subjects were 
instructed to get a normal night's sleep, to abstain from 
ingesting alcohol or over-the-counter medications for 24 
hours prior to the experiment, and abstain from smoking and 
consuming caffeine for 2 hours prior to testing. All testing 
occurred between 10:00 a.m. and 2:00 p.m. each day to 
control for variations in memory performance that have been 




Cigarettes used in the present study were Carlton 100's 
(0.lmg nicotine, lmg tar and lmg CO) which served as the 
control, Doral 100's Filter Lights (0.7mg nicotine, 12mg tar 
and 14mg CO) which was the moderate dose, and Old Gold 
Filter 100's (1.5mg nicotine, 20mg tar and 19mg CO) which 
was the high dose. Cigarettes were selected based on the 
nicotine, tar and carbon monoxide levels of the cigarettes 
which were reported in the U. S. Government Federal Trade 
Commission Report of 1988.
Physiological measures of arousal were determined by 
measuring systolic and diastolic blood pressure, as well as 
heart rate. Measures were obtained using a Marshall 85 
Oscillometric Sphygmomanometer/Electronic Digital Blood 
Pressure/and Pulse Monitor, manufactured by Omron Marshall 
Products, Inc., Lincolnshire, Illinois. This electronic 
monitor provided a visual digital readout which was manually 
recorded.
The State-Trait Anxiety Inventory (Spielberger, 1970) 
is a self reported measure of anxiety or arousal. The state 
anxiety scale (STAI-X1) of the state-trait anxiety inventory 
consists of 20 statements in which subjects describe how 
they feel at that particular moment in time. A response to 
each item was scored with a four point scale consisting of 
1) almost never, 2) sometimes, 3) often, 4) almost always. 
Raw scores could range from 20 to 80.
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The Eysenck Personality Inventory (Eysenck & Eysenck, 
1968) was administered to determine levels of endogenous or 
trait arousal. The inventory consists of 57 yes or no 
statements that assess the personality dimensions of 
extraversion, impulsivity, and sociability, as well as a lie 
score. The extraversion scale ranges from 0-24, with lower 
scores indicating higher trait arousal (introversion) and 
higher scores indicating lower trait arousal (extraversion). 
The impulsivity scale ranges from 0-9, and the sociability 
scale ranges from 0-13.
Verbal ability was assessed by administering the 
vocabulary subtest of the Wechsler Adult Intelligence 
Scale - Revised (WAIS-R; Wechsler, 1981). The subtest was 
administered verbally by the experimenter and consists of 35 
words presented in order of increasing difficulty. Responses 
were scored zero, one or two using the criteria from the 
WAIS-R manual. Raw scores could range from 0 to 70.
The stimulus materials consisted of four expository 
prose passages of seventh to eighth grade readability. Two 
passages were 200-220 words long while two were 400-420 
words long. The passages had earlier been divided into idea 
units. Each idea unit was rated on a three point scale for 
its importance to the theme of the passage by independent 
groups of college students (Brown & Smiley, 1977). Based on 
these ratings, the idea units were ranked from least to most 
important and then divided into three levels of importance
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so that the number of idea units at each level was 
approximately equal (Brown & Smiley, 1977). These three sets 
of idea units were used as the measure of rated importance 
against which recall was assessed across all four passages. 
The number of idea units at each level of importance ranged 
from 7 to 8 for the short passages, and 12 to 17 for the 
long passages.
Procedure
Upon entering the laboratory all subjects read and 
signed a consent form agreeing to participate in the study. 
They reported being free from illness (heart disease, high 
blood pressure, colds or flu), receiving a normal night's 
sleep (at least 5 hours), and having abstained from alcohol 
and medications for 24 hours, and nicotine and caffeine for 
2 hours. In an attempt to ensure a two hour abstinence 
period for all subjects on nicotine, subjects were asked to 
smoke one cigarette of their preference two hours before 
testing was to begin, and abstain from then on. Subjects 
then completed the State Anxiety Inventory and the Eysenck 
Personality Inventory, and were administered the vocabulary 
subtest of the Wechsler Adult Intelligence Scale - Revised. 
The experimenter then took the subjects' blood pressure and 
heart rate (Time 1). Any subject whose blood pressure was 
140/90 or higher was dismissed and excluded from further 
testing.
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Subjects then smoked their assigned cigarette. The 
smoking procedure (Houston, et al., 1978) was as follows: At 
the experimenter's direction, subjects lit the cigarette and 
took a puff every 25 seconds and held the puff for 5 
seconds. After 12 puffs had been taken in this manner, the 
cigarette was extinguished. The experimenter controlled the 
pacing of the smoking, but a clock was on the wall of the 
room so the subject could also see the timing of the 
smoking. Immediately after smoking, the subject again had 
his blood pressure and heart rate taken by the experimenter 
(Time 2). Testing for memory of prose immediately followed.
Prose passages were presented in 80 column format on 
the monitor screen of an Apple lie computer. Subjects were 
instructed to read at their normal reading rate. The 
passages were presented one idea unit at a time, moving 
across the monitor screen in proper paragraph form. Subjects 
pressed the return key to see each successive idea unit.
Each idea unit was replaced by dashes after the next idea 
unit was displayed on the screen. The computer recorded the 
amount of time in milliseconds between each press of the 
return key. Following a practice passage, four expository 
passages were presented on the computer screen.
Immediately after reading each passage, subjects were 
asked to reproduce as much of the passage as possible 
orally, but not to worry about the exact wording. The
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recalls were tape recorded and transcribed for scoring at a 
later date.
After the last recall, the experimenter took the 
subject's blood pressure and heart rate (Time 3), this 
reading was exactly 30 minutes after the previous reading. 
The subject then filled out a post-experimental 
questionnaire and a caffeine consumption questionnaire.
Blood pressure and heart rate were again taken (Time 4).
This reading was exactly 10 minutes after the previous 
reading. The subject was then debriefed and allowed to go. 
Design
The design consisted of one between subjects factor and 
two within subjects factors. The between subjects factor was 
treatment (Omg, 0.7mg, 1.5mg nicotine cigarette), while the 
within subjects factors were passage length (200-220 words, 




All recall protocols were scored (blind) for the 
presence or absence of the gist of each idea unit. In 
addition, 22% of the protocols were randomly selected and 
independently scored (blind) by a second rater. The 
interrater reliability was first calculated for each recall 
protocol by dividing the total number of agreements that an 
idea was recalled by the total number of agreements plus 
disagreements. The interrater reliability ranged from .545 
to 1.000 with a mean of .848. Memory for each passage was 
expressed as the proportion of idea units recalled at each 
of the three levels of importance. These recall scores were 
then subjected to a 3 (Treatment) X 2 (Length) X 3 
(Importance Level) mixed analysis of variance with repeated 
measures on the last two factors.
The analysis revealed a marginal main effect of 
treatment, F(2,42)= 2.868, p= .068 (see Table 1). However, a 
Dunnett's test was used to compare each experimental group 
seperately to the control group (Myers, 1979). The Dunnett 
test revealed that a significantly larger proportion of idea 
units was recalled in the 0.7mg nicotine group than in the 
placebo group. Another test was computed between the 1.5mg 
group and the placebo group. Although the 1.5mg group
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recalled a slightly larger proportion of idea units than the 
placebo group, the difference was not significant.
The analysis also revealed a significant main effect of 
passage length, F(l,42)= 126.14, p<.001 (see Table 1). This 
indicated that a larger proportion of idea units were 
recalled in the short stories (200-220 words) than in the 
long stories (400-420 words).
A main effect of importance level, F(2,84)= 110.304, 
p<.001 (see Table 1) was also found. A Newman Keuls analysis 
revealed that recall of idea units declined as a function of 
the level of importance of the idea units (high > medium > 
low) .
Table 1
Proportion of idea units recalled (Means & Standard 
Deviations) as a function of Treatment, Passage Length, and 
Importance Level.
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Treatment Placebo 0. 7mg 1.5mg
Mean .398 • 480 .418
SD .068 • 105 .116
Passage Length Long Short
Mean .342 • 522
SD .101 •  .129
Importance Level High Medium Low
Mean . 543 •  1436 .316
SD .116 129 .109
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A significant length by importance level interaction 
was also found F(2,84)= 30.284, p<.001 (see Table 2). A 
Newman Keuls analysis revealed that at the short passage 
length (200-220 words) a significantly higher proportion of 
idea units was recalled for the high importance idea units 
and the medium importance idea units compared to the low 
importance idea units. There were no differences between 
recalls for the high and medium idea units at the short 
passage length. Newman Keuls analysis for the long passage 
length revealed that a larger proportion of idea units of 
high importance were recalled compared to those of medium 
importance and low importance. No differences were found 
between the recall of medium importance and low importance 
idea units at the long passage length.
Newman Keuls analysis revealed that a significantly 
larger proportion of idea units were recalled for the short 
length passage than the long passage at the high level of 
importance, as well as at the medium level of importance 
and the low level of importance.
The treatment by length, treatment by importance level, 
and treatment by length by importance level interactions 
were not significant.
Individual Differences
A series of one-way ANOVA'S was computed to examine if 
the three treatment groups differed significantly on any of 
the individual difference factors measured. The means and
Recall Means and Standard Deviations as a function of 
Passage Length and Importance Level.
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Table 2
IMPORTANCE LEVEL HIGH MEDIUM LOW
LENGTH
SHORT
MEAN . 575 .585 .406
SD .152 .179 .149
LONG
MEAN .511 .288 . 226
SD .126 .120 .114
standard deviations are presented in Table 3 as a function
of group membership. The results revealed that none of the
individual difference variables was significantly different
across treatment groups. 
Physiological Measures
A 3 (Treatment) X 4 (Time) Mixed Analysis of Variance
was computed on systolic and diastolic blood pressure, and 
heart rate. The four time periods when the measurements 
occurred were: Time 1 (baseline), Time 2 (immediately after 
smoking), Time 3 (30 minutes after smoking), and Time 4 (40 
minutes after smoking). The results revealed a significant 
main effect of time on systolic blood pressure F(3,126)= 
14.595, p<.001, with means of 119.3, 128.0, 122.9 and 119.7 
for time 1, time 2, time 3 and time 4 respectively (see 
Table 4). A Newman Keuls analysis revealed that systolic
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Means and Standard Deviations (SD) for Individual Difference 
Variables as a function of Treatment.
Table 3
Dose 0.lmg 0.7mg 1.5mg
VARIABLE
N 15 15 15
AGE 24.3 (6.0) !3 .8 (5.5) 23.1 (5.8)
MEAN # CIGS 
SMOKED/DAY 12.7 (8.1) i:!. 4 (5.8) 13.1 (5.2)
YEARS SMOKED 6.9 (6.1) 6i. 6 (6.2) 6.8 (6.4)
WAIS-R VOCAB 50.7 (5.3) 5:!. 1 (7.0) 50.0 (8.4)
IMPULSIVITY 4.7 (1.1) (.9 d-9) 5.1 (1.3)
SOCIABILITY 8.3 (3.4) >'. 9 (2.5) 7.5 (3.3)
I/E 14.7 (4.3) 14.2 (4.2) 13.9 (4.5)
LIE SCORE 1.7 (1.2) !. 2 (1.0) 1.9 (1.4)
STATE ANXIETY 37.5 (8.5) 33.2 (6.2) 35.4 (9.2)
CAFFEINE CON. 
MG/DAY 281.0 (192.7) 422.5i (416.5) 511.1 (317.3)
NYHC/MG 0.81 (0.24) 0.86 (0.27) 0.79 (0.22)
TIME OF FIRST 10.5 (2.9) 9. 0 (2.2) 9.7 (2.2)
Note* I/E- Introversion/Extraversion, CAFFEINE CON. MG/DAY- 
Number of milligrams of caffeine consumed per day, 
NYHC/MG- Nicotine Yield of the Habitual Cigarette 
Smoked, in Milligrams, TIME OF FIRST- Time the First 
Cigarette is Usually Smoked Per Day
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blood pressure was significantly higher at time 2 and time 3 
than at time 1 and time 4. Also, systolic BP was greater at 
time 2 compared to time 3. This indicated that systolic 
blood pressure significantly increased after smoking the 
cigarette relative to the baseline, and remained 
significantly higher than the baseline for 30 minutes after 
smoking, but returned to baseline by 40 minutes after 
smoking. The main effect of treatment and the treatment by 
time interaction were not significant.
The analysis also revealed a significant main effect of 
time on diastolic blood pressure F(3,126)= 9.507, p<.001, 
with means of 71.5, 77.7, 74.6 and 75.1 for time 1, time 2, 
time 3 and time 4 respectively (see Table 4). Newman Keuls 
analysis revealed that diastolic blood pressure was 
significantly higher at times 2, 3, and 4 compared to time 
1. Also, diastolic BP was significantly greater at time 2 
compared to times 3 and 4. This indicated that diastolic 
blood pressure significantly increased after smoking (time
2) , and the increase was still significant 30 minutes (time
3) and 40 minutes (time 4) later. Also, there was a 
significant drop in diastolic blood pressure 30 minutes 
after smoking the cigarette. The main effect of treatment 
and the treatment by time interaction on diastolic BP was 
not significant.
A significant main effect of time was also found on 
heart rate. F(3,126)= 53.682, p<.001, with means of 74.1,
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87.0, 75.4 and 73.3 for time 1, time 2, time 3 and time 4 
respectively (see Table 4). Newman Keuls analysis revealed 
that heart rate was significantly greater at time 2 compared 
to times 1, 3 and 4. There were no differences between heart 
rate scores at time 1, time 3 or time 4. This indicated that 
there was a significant increase in heart rate immediately 
after smoking the cigarette, and a significant drop in heart 
rate 30 minutes after smoking the cigarette.
There was also a significant treatment by time 
interaction for heart rate, F(6,126)= 77.118, p= .045 (see 
Table 5). A Newman Keuls analysis was conducted to compare
Table 4
Means and Standard Deviations (SD) for Systolic and 
Diastolic Blood Pressure and Heart Rate at Time 1 
(Baseline), Time 2 (Immediately After Smoking), Time 3 (30 
Minutes After Smoking), and Time 4 (40 Minutes After 
Smoking).
TIME 1 2 3 4
SYSTOLIC BP
MEAN 119.3 128.0 122.9 119.7
SD 10.6 12.9 13.3 10.9
DIASTOLIC BP
MEAN 71.5 77.7 74.6 75.3
SD 7.9 8.9 11.4 9.9
HEART RATE
MEAN 74.1 87.0 75.4 73.3
SD 11.3 12.0 11.1 10.9
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each treatment group at each of the four time periods. The 
results revealed that at time 1 (baseline) heart rate was 
significantly higher for the placebo group than the 0.7mg 
group and the 1.5mg group, while the heart rates for the 
0.7mg and the 1.5mg groups did not differ. At time 2 
(immediately after smoking) and time 3 (30 minutes after 
smoking) none of the groups were significantly different 
from each other. At time 4 (40 minutes after smoking), the 
results revealed that heart rate was significantly higher 
for both the placebo group and the 0.7mg group compared to 
the 1.5mg group. The placebo group did not differ from the 
0.7mg group at time 4.
A Newman Keuls analysis was also computed to compare 
the heart rate scores at each of the four time periods for 
each of the treatment groups. The results revealed that for 
the placebo group, the 0.7mg group, and the 1.5mg group, 
heart rate at time 2 (immediately after smoking) was 
significantly larger than at time 1 (baseline), time 3 (30 
minutes after smoking) and time 4 (40 minutes after 
smoking). There were no differences for any of the groups 
between times 1, 3, and 4. The main effect of treatment on 
heart rate was not significant.
A series of one-way ANOVA's was computed separately at 
time 2, time 3, and time 4 on the difference scores for 
systolic and diastolic blood pressure, and heart rate. The 
difference scores were from time 1 (baseline) to time 2
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Means and Standard Deviations (SD) for Heart Rate as a 
Function of Treatment Group and Time.
Table 5
Time 1 2 3 4
Group
Placebo
Mean 79.6 86.5 78.0 75.6
SD 12.4 12.2 11.8 10.9
0.7mg
Mean 72.3 88.2 74.3 74.5
SD 10.7 11.2 9.9 9.7
1.5mg
Mean 70.5 86.3 73.9 69.9
SD 9.3 13.4 11.9 12.0
(after smoking), time 1 to time 3 (30 minutes after 
smoking), and Time 1 to Time 4 (40 minutes after smoking). 
The results indicated that none of the analyses of the 
difference scores for systolic and diastolic blood pressure 
was significant between the groups. Therefore, the pattern 
of changes in blood pressure, either systolic or diastolic, 
across all 4 time periods was similar for each of the three 
groups tested. However a significant treatment effect was 
found for the difference score (Time 1- Time 2) on the heart 
rate measure, F(2,42)= 3.218, p=.05, with mean difference 
scores of 6.9, 15.86, and 15.80 for the placebo group, the 
0.7mg group and the 1.5mg group respectively. A Newman 
Keuls analysis indicated that the mean difference score for
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the 1.5mg nicotine group was significantly larger than the 
mean difference score for the placebo group. And although 
the mean difference score for the 0.7mg nicotine group was 
larger than the 1.5mg group, it was not significantly larger 
than the placebo group.
Analyses of Covariance
The analysis of physiological data and recall data was 
repeated using analysis of covariance procedures. For the 
systolic and diastolic blood pressure and heart rate, a 
series of 3 (Treatment) X 4 (Time) mixed analyses of 
covariance was conducted with a variety of individual 
difference factors used separately as covariates. The 
individual difference factors chosen were: age, mean number 
of cigarettes smoked per day, years smoking, impulsivity, 
lie, and introversion/extraversion scores on the EPI, state 
anxiety score, caffeine consumption, time of first cigarette 
of the day, and the nicotine yield of the habitual cigarette 
smoked. The results of the analyses of covariance were the 
same as the previous ANOVA's done on the blood pressure and 
heart rate scores.
The reanalysis of recall data using analysis of 
covariance procedures was conducted through a series of 3 
(Treatment) X 2 (Length) X 3 (Importance Level) mixed 
analyses of covariance. The variables used as covariates 
included: age, mean number of cigarettes smoked per day, 
years smoking, WAIS-R vocabulary score, the lie,
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impulsivity, sociability and introversion/extraversion 
scores on the EPI, state anxiety score, caffeine 
consumption, nicotine yield of habitual cigarette, time of 
first cigarette, systolic and diastolic blood pressure and 
heart rate at time 1, 2, 3 and 4. The results indicated that 
none of the variables when used as covariates significantly 
altered the pattern of effects previously observed for 
passage length, importance level, or their interactions, so 
these effects will not be discussed.
However, four variables when used separately as 
covariates significantly altered the pattern of results from 
the previous ANOVA on the main effect of treatment. The 
adjusted means resulting from these analyses are presented 
in Table 6. For example, when systolic BP at time 2 
(immediately after smoking) was used as the covariate a 
significant main effect of treatment was found, F(2,41)= 
3.970, p=.027. When diastolic BP at time 4 (40 minutes after 
smoking) was used as the covariate, a significant main 
effect of treatment was also found, F(2,41)= 3.421, p= .043. 
Further, significant treatment effects were found when heart 
rate at time 1 was used as the covariate, F(2,41)= 3.611, 
p= .036, as well as the lie score on the Eysenck Personality 
Inventory, F(2,41)= 3.498, p= .040. Subsequent analysis on 
all 4 significant main effects was conducted using a 
Dunnett's test. These results all indicated that the 0.7mg 
group recalled a significantly larger proportion of idea
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units than the placebo group. There was no difference 
between the 1.5mg group when compared to the placebo group.
Table 6
Adjusted Mean Proportion of Idea Units Recalled for the 
Placebo, 0.7mg, and 1.5mg Groups as a Function of the 
Reanalysis with the listed Significant Covariate.
Treatment Group Placebo 0.7mg 1.5mg
Without Covariate .398 .480 .418
With Covariate
Systolic Time 2 .391 .488 .417
Diastolic Time 4 .395 .486 .415
Heart Rate Time 1 .386 .484 .425
EPI Lie Score .394 .485 .416
There were several additional physiological variables 
that when used as covariates, produced a marginal treatment 
effect. The adjusted means for each of these variables as a 
funcition of treatment are presented in Table 7. These 
variables included systolic blood pressure at time 1 
(baseline), F(2,41)= 3.129, p= .055; systolic blood pressure 
at time 3 (30 minutes after smoking), F(2,41)= 3.104, p= 
.056; systolic blood pressure at time 4 (40 minutes after 
smoking), F(2,41)= 3.081, p= .057; diastolic blood pressure 
at time 1 (baseline), F(2,41)= 3.121, p= .055; diastolic 
blood pressure at time 3 (30 minutes after smoking),
F(2,41)= 3.052, p= .059; and heart rate at time 3 (30
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minutes after smoking), F(2,41)= 3.109, p= .056. A Dunnet's 
test computed on these marginal main effects revealed the 
same results as the previous analyses (0.7 > placebo,
1.5 = placebo).
Table 7
Adjusted Mean Proportion of Idea Units Recalled for the 
Placebo, 0.7mg, and 1.5mg Groups as a Function of the 
Reanalysis with the listed Marginally Significant Covariate.
Treatment Group Placebo 0.7mg 1.5mg
Covariate
Systolic Time 1 .394 .482 .419
Systolic Time 3 .397 .483 .416
Systolic Time 4 .397 .482 .417
Diastolic Time 1 .395 .483 .418
Diastolic Time 3 .394 .483 .419
Heart Rate Time 3 .394 .482 .420
Questionnaire Analyses
Information obtained from the post-experimental 
questionnaire (see Appendix C) was also analyzed. 
Information was analyzed regarding the subject's perception 
of the strength of the cigarette smoked and the smoking 
procedure.
Subjects were asked if the cigarette they just smoked 
in the experiment was "weaker", "stronger", "about the 
same", or "don't know", compared to the cigarette they
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usually smoke. The frequency of responses is presented in 
Table 8 as a function of treatment group. Keeping in mind 
that the mean nicotine yield of the cigarettes for each of 
the treatment groups was about the same (see table 3), with 
means of 0.81mg, 0.86mg, and 0.79mg for the placebo group, 
the 0.7mg treatment group and the 1.5mg treatment group 
respectively.
These results indicate that the subjects in the 
treatment groups had a pretty good idea which treatment 
cigarette they received. This is especially apparent in the 
placebo group, where 13 of the 15 subjects rated the 0.lmg 
cigarette as weaker than their own, and the 1.5mg group, 
where 10 of the 15 rated the 1.5mg cigarette as stronger 
than their own brand. Also, 8 of the 15 subjects in the 
1.5mg group reported feelings of "light headedness", 
"numbness", or a "buzz" from smoking the cigarette. It 
appears that subjects in the 0.7mg group were less sure of 
what treatment they received, as an equal number rated the 
treatment cigarette they smoked as weaker, stronger, or 
about the same.
Subjects were also asked about the smoking procedure 
(take one inhalation every 25 seconds, hold it for 5 
seconds, and do this 12 times). The frequency of responses 
for all groups (n=45) is presented in Table 9. Specifically 
the subjects were asked to rate the procedure as 
"unnatural", "awkward", "tolerable", "normal", "OK",
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Table 8
Frequency Count of Subjective Perception of Strength of 
Experimental Cigarette Compared to Own Brand.
Perception of Cigarette Strength Compared to Own Brand
Treatment
Weaker Stronger Same Don't Know
Placebo 13 1 1 0
0.7mg 5 5 5 0
1.5mg 0 10 4 1
"unpleasant" , or "other, please specify".
The results clearly indicate that most of the subjects
(66%), rated the smoking procedure unfavorably •
Table 9
Frequency Count of Subjective Ratings of the Smoking 
Procedure.
Rating Frequency








The present study was designed to test the effect 
smoking a cigarette of moderate or high nicotine yield had 
on prose memory. The present study revealed that subjects 
who smoked a moderate nicotine dose cigarette (0.7mg), prior 
to reading prose passages from a computer, recalled more 
idea units from those passages than subjects who smoked a 
placebo cigarette (O.lmg) prior to the task. The subjects 
who smoked the high dose cigarette (1.5mg), did not differ 
in recall of prose from the subjects who smoked a placebo 
cigarette. Also, more idea units were recalled in the short 
stories than in the long stories, and more idea units of 
high importance were recalled than those of medium 
importance, and more of medium importance were recalled than 
those of low importance.
Physiological arousal also increased after smoking a 
cigarette. Systolic and Diastolic blood pressure, and heart 
rate all increased immediately after smoking a cigarette.
The systolic blood pressure still was significantly elevated 
from baseline levels 30 minutes after smoking, and diastolic 
blood pressure was still significantly elevated from 
baseline levels 40 minutes after smoking. Heart rate also 
significantly increased in all groups, with greater
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increases in the 0.7mg and 1.5mg groups. Heart rate went 
down to baseline levels in all groups after 30 minutes.
The increase in heart rate immediately after smoking 
the O.lmg cigarette was somewhat unexpected. Previous 
studies have not found significant increases in heart rate 
for the placebo treatment. However, these studies often used 
a nonsmoking control, or a cigarette not made from tobacco 
leaves, such as lettuce, (Anderson & Post, 1974). Therefore 
it could be argued that these are not really adequate 
controls for smoking because subjects know they are not 
receiving any tobacco. The O.lmg dose was chosen in the 
present study as the control because of a study by Peters 
and McGee (1982), who attempted to find a control cigarette 
that was indistinguishable from other cigarettes with regard 
to the smoking act, flavor, and feel of the cigarette, yet 
would not cause a significant increase in heart rate. They 
compared pre- to post-smoking change scores for 3 kinds of 
cigarettes: a 1.4mg, a 0.2mg, and a cigarette made from 
herbal leaves. They found the change score for the 1.4mg 
dose to be about +15, while the 0.2mg and the herbal 
cigarette were similar with almost no change score. They 
thus suggested using the 0.2mg as a control cigarette. The 
control cigarette in the present study was chosen in an 
attempt to use the lowest nicotine yielding cigarette that 
was made from tobacco leaves, and was readily available. The 
reason there was a significant increase in heart rate
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immediately after smoking the cigarette in the 0.lmg 
cigarette group (an increase of about 7 beats per minute) 
may have been the result of the smoking procedure. Requiring 
the subjects to take a specified number of inhalations in a 
fairly quick time period and holding the smoke for a 
predetermined amount of time may have caused a physiological 
reaction where there may not have been one if the subjects 
were allowed to smoke the cigarette at their own pace, as in 
the Peters and McGee (1982) study. Also, the placebo group 
had a significantly elevated heart rate at baseline compared 
to the two other groups. Possibly, the elevated heart rate 
in this group might have accentuated the effect of the low 
nicotine cigarette. Subsequent work needs to explore the 
relationship between baseline heart rate levels and the 
impact of nicotine on heart rate change.
The conclusions of the present study that pretrial 
smoking enhances immediate recall is consistent with what 
Peeke and Peeke (1984, experiment number 3) found for 
immediate recall of a 50 item word list. They used a within 
subjects design where 10 males and 10 females participated 
in three sessions one week apart. In each session they 
smoked either a 0.4mg cigarette, a 1.38mg cigarette, or did 
not smoke prior to receiving 2 presentations of a 50 item 
word list. Smoking occurred in a semi-controlled fashion. 
That is, subjects were asked to inhale the smoke, and smoke 
the cigarette in a 10 minute period. They found that
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smoking a 1.3mg nicotine cigarette prior to presentations of 
the list enhanced immediate recall of the list compared to 
smoking a 0.4mg nicotine cigarette or no smoking.
The results of the present study are also consistent 
with smokers' own subjective reports on the effect of 
smoking. Wesnes & Warburton (1983) reported in a survey of 
college student smokers that 83% of them agreed to the 
statement "smoking helps me think and concentrate". Also, 
Pomerleau (1986) reported from a survey of smokers that 
reports of improved concentration, memory, and alertness are 
commonly reported by smokers. Wesnes & Warburton (1983) went 
as far as to speculate that smokers "learn that smoking 
produces clear improvement in mental efficiency which 
enables them to function better and sustain their 
performance", p. 206. They further have suggested that this 
increased performance may be one of the potent reinforcing 
properties of smoking, which is instrumental in bringing on 
the habit and maintaining it.
However, as can be seen from the introduction, many 
studies have been reported that found no effect of smoking, 
or an impairment of performance from smoking. The results of 
the present study are inconsistent with these.
Anderson and Hockey (1977) used a between subjects 
design, and assigned 50 female smokers to one of two groups: 
a no smoking control, or a 2.3mg nicotine cigarette group. 
Subjects smoked or rested prior to presentation of 2 lists
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of 8 words. The specific smoking procedure was not reported. 
They reported that smoking a 2.3mg nicotine cigarette prior 
to learning 2 lists of 8 words had no effect on the 
immediate recall of the lists.
Houston et al. (1978) used a between subjects design, 
and divided 23 subjects into one of 2 groups: a nicotine 
free cigarette, or a 1.5mg group. Subjects smoked the 
cigarettes prior to the presentation of a 75 item word list. 
The smoking procedure was exactly the same as the present 
study. They reported that subjects who smoked a 1.5mg 
nicotine cigarette prior to the presentation of the word 
list remembered significantly fewer words when tested at 3 
successive immediate recall trials compared to a nicotine- 
free control.
The reasons for the consistencies and inconsistencies 
of the present results with previous work are unknown. There 
are so many differences between the studies that it is 
difficult to determine why the discrepant results occurred.
One reason might be the nicotine dose of the cigarette. 
Anderson and Hockey (1977) used a 2.3mg cigarette, which is 
very high, and the Houston et al. study used a 1.5mg 
cigarette as the high dose. These studies found no or 
impairing effects respectively. Perhaps those doses were too 
high. If the present study had only used the placebo and 
1.5mg dose, no effects would have been found. So perhaps the 
failure of the studies to use an intermediate dose cigarette
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might explain the results. But this does not explain why the 
Peeke and Peeke (1984) study found similar results as the 
present study. In that study they used both males and 
females, and smoking occurred in a semi-controlled manner 
(inhale each puff, complete smoking in a 10 minute time 
period). Their facilitation effect was observed in the high 
dose (1.38mg), and not the moderate dose (0.4mg). In any 
case, nicotine content of the cigarettes is probably an 
important variable that has to be considered when explaining 
whether smoking has an impairing or enhancing effect on 
memory.
One explanation of the present results can be found in 
arousal theory. That is, smoking causes an increase in 
physiological arousal which then mediates the increase in 
performance.
The Yerkes-Dodson Law is one explanation relating 
arousal to performance. This law states that there is an 
optimal level of arousal for individual tasks, and that 
performance on specific tasks is a function of the level of 
arousal of the subject. As arousal increases, task 
performance increases up to an optimal level, after which 
further arousal leads to a decrement in performance. Thus 
being under or over aroused would cause poorer performance 
than arousal at an optimal level.
Humphreys and Revelle (1984) have also postulated a 
model relating arousal to performance. They posited that
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information processing consists of two components: sustained 
information transfer and short term memory. They also 
predicted a relationship between increases in arousal and 
performance on these two types of tasks, with increases in 
arousal enhancing performance on sustained information 
transfer tasks, but impairing performance on tasks of short 
term memory.
Prose memory places heavy demands on short term memory 
or working memory. In order to process information in prose 
passages, subjects must rapidly activate word meanings from 
long-term memory while simultaneously integrating 
information in working memory. Therefore, Humphreys and 
Revelle (1984) would predict that increased arousal should 
lead to decreased performance on prose recall. If smoking 
increased arousal in the present study, which we could infer 
from the physiological changes observed, then Humphreys & 
Revelle (1984) would predict impairments in memory for the 
two nicotine doses used in the present study. The results of 
the present study are not consistent with what might be 
expected based on the model by Humphreys and Revelle (1984).
The results of the present study are more consistent 
with findings from studies that tested the effects of 
another stimulant on prose memory, namely caffeine.
Brouse (1990) reported a significant enhancement of 
memory for prose when female subjects received 4mg of 
caffeine per kilogram of body weight prior to reading prose
67
passages from a computer, compared to those who received 
Omg/kg, or 2mg/kg. Hager (1985) administered subjects with 
either 0, 2, or 4 mg of caffeine per kilogram of body weight 
prior to the oral presentation of prose passages. After 
hearing each passage, subjects wrote down as much of the 
passage as they could remember. The results indicated that 
subjects that received the 2mg/kg treatment recalled more of 
the passages than the other 2 groups, which did not differ. 
Both of these results are inconsistent with what Humphreys 
and Revelle would predict, and the latter study almost 
parallels the results of the present study, where recall was 
enhanced at the middle dose compared to the low dose, and 
greater than the highest dose, but not significantly.
It appears that the results of the caffeine studies and 
the present study can be explained within the framework of 
the aforementioned Yerkes-Dodson Law. Increases in arousal 
to an optimal level caused enhanced performance, while lower 
levels of arousal and too much arousal caused impairments in 
performance.
Perhaps the subjects who received the O.lmg nicotine 
cigarette prior to the task never achieved the optimal level 
of arousal for the prose task, and their performance 
suffered. And maybe those who received the high dose (1.5mg) 
were too aroused for the task, and their performance 
suffered as well, with the group receiving the moderate dose
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(0.7mg) achieving a more optimal level of arousal for the 
task at hand, thus performing better.
It might be argued that the physiological evidence 
doesn't support this notion, that the 1.5mg group was 
overaroused because their BP and Heart Rate changes were not 
larger than the 0.7mg group. While this is true, the 
subjective reports obtained from the post-experimental 
questionnaire suggest that some of the subjects reported 
that they were overaroused. 66% reported that the cigarette 
they smoked was stronger than their normal brand, with many 
reporting that it was "too harsh", and 8 of the 15 reporting 
feelings of "light-headedness", "numbness", and a "buzz" 
after smoking the cigarette, indicating a subjective 
perception of overarousal anyway. The assumption that the 
0.lmg group was underaroused for the task at hand is 
supported by the smaller increases in physiological measures 
as well as subjective reports from the post-experimental 
questionnaire. Thirteen of the 15 reported that the 
cigarette smoked was weaker than their normal brand, with 
many comments that the cigarette didn't satisfy their 
craving. Evidence for the 0.7mg dose being the optimal level 
might come from the physiological changes, and equally 
represented reports of the cigarette being weaker, stronger, 
or about the same as their own. Also, when you consider that 
the mean nicotine yield of the subjects preferred cigarette 
was around 0.8mg, and that subjects were asked to abstain
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from smoking cigarettes or consuming caffeine for two hours 
prior to the testing, the notion that smoking the 0.7mg 
cigarette was the optimal dose level is further supported.
Perhaps another explanation of the results of the 
present study independent of arousal theory is that nicotine 
enhances performance because of its relation to 
acetylcholine. Nicotine is an acetylcholine agonist, and 
some studies (West & Jarvis, 1986; and Sahakien, et al.
1989) have speculated that it is nicotine's effect as an ACh 
agonist that is responsible for its facilitative properties. 
Evidence for this hypothesis comes from Sahakien et al. 
(1989) who found that in Alzheimer's patients, performance 
improved on a variety of tasks (RVIP, reaction times, finger 
tapping, and detection of a flickering light) after 
subcutaneous injecions of nicotine. ACh synthesis is reduced 
in the brains of Alzheimer's patients, and the authors 
concluded that nicotine facilitated performance in this 
group of patients because of its ACh agonist abilities.
One other explanation for the effects smoking has on 
memory processes was posited by Peeke and Peeke (1984) who 
suggested that smoking doesn't enhance memory, it simply 
returns the smoker to a normal state. And it is the deprived 
smoker in the no smoking or the nicotine free cigarette 
group that memory is impaired because of a withdrawal state 
they are in.
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This explanation would not explain the results of the 
present study, namely the lower recall in the high nicotine 
dose group (although not significantly), unless you think of 
it as the subjects in that group got too much nicotine, and 
as a result the cigarette did not return the subject to a 
normal state, but overcompensated. The fact that the 0.7mg 
nicotine cigarette was the closest to the nicotine yield of 
the subjects' habitual cigarette might support this notion, 
and it could be argued that smoking the 0.7mg cigarette 
simply returned the deprived smokers closer to their normal 
nicotine level, with the 0.lmg cigarette not having enough 
nicotine to bring the deprived smoker out of the temporary 
withdrawal they were experiencing from the 2 hour 
abstinence, and the 1.5mg cigarette doing too much.
Criticisms of the present study might include the small 
number of subjects in each group (n=15). Ideally it would 
have been more desirable to have at least 20 or so in each 
group. However, the effect of treatment was consistent and 
the interactions involving treatment with the task variables 
did not approach conventional levels of significance.
The fact that the groups differed on baseline arousal, 
as indicated by the significantly elevated heart rate of the 
subjects in the placebo group, is a weakness of this study. 
This is especially apparent in light of the attempted 
explanation of the results by relating it to arousal theory. 
The reason why the subjects in the placebo group had a
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significantly elevated heart rate is unclear. Subjects were 
assigned to treatment groups before any baseline heart rate 
was taken, so it was probably not any experimenter bias 
effect. It might simply be that more subjects in the placebo 
group did not obey the abstinence instructions, and smoked 
prior to coming to the experiment, thus their heart rate was 
higher. The only means we would have of determining 
adherence to abstinence instructions would be if we had 
employed a carbon monoxide breathalizer, which would give us 
an idea of how long it had been since the subjects smoked 
their last cigarette. Unfortunately, this was not available 
to us.
It could be argued that the 0.lmg nicotine cigarette 
used in the present study was not a true placebo, and that 
is a weakness of the present study. This may be true, but 
there may be no such thing as a true placebo in smoking 
studies. Ney, Gale, and Morris (1989) suggested that studies 
that use no smoking or sham smoking as a control, do not 
account for the motoric aspects of smoking (i.e. lighting 
up, the action of drawing smoke in, etc.), and studies that 
use nicotine free cigarettes as a control are not adequate 
either because motoric aspects and sensory aspects of the 
cigarette are different from normal cigarettes. They pointed 
out that smokers can tell the type of cigarette they are 
smoking (which was evident in the present study), and if the 
smoker knows that the cigarette they are smoking is
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different from their own, this knowledge could lead to a 
placebo or self-fulfilling prophecy effect. The nature and 
extent of the effect depends on the expectations of the 
smoker, and is therefore unpredictable. They further 
suggested that the only adequate control would be a 
cigarette that accommodates the motoric aspects and the 
sensory aspects of smoking, and that would be identical to a 
normal tobacco cigarette apart from the absence of nicotine. 
At present, such a cigarette cannot be manufactured.
The precise smoking procedure (inhale and hold for 5 
seconds, and take one every 30 seconds until 12 have been 
taken) may be viewed as externally invalid. The feedback 
from the post-experimental questionnaire suggested that most 
subjects (66%) did not care for the procedure. But as Wesnes 
and Warburton (1983) have stated, it is often difficult in 
achieving the appropriate balance between too much control 
over smoking, and therefore making the procedure bear too 
little resemblance to behavior outside the laboratory, and 
allowing too much freedom of the subject to smoke as they 
wish, therefore jeopardizing any control you might have been 
trying to achieve. They suggested that at this stage in the 
research on smoking and memory, control is necessary, 
because conflicting results necessitate concentrating on 
issues of internal validity. There is also evidence that 
subjects will alter their inhalation patterns when smoking 
cigarettes that are different from their own brand, to
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increase or decrease intake as is appropriate (Ney et al., 
1989). Thus without any control of the smoking procedure, 
there is little hope of achieving experimental control over 
the nicotine levels administered to the subjects.
Future studies might want to employ both a between and 
a within subjects design, so as to tease out effects of 
individual differences and carryover effects further. Also, 
a variety of nicotine dose levels should be manipulated. It 
is apparent that nicotine doses at some level may be 
enhancing performance, and at others having little or no 
effect. Both immediate and delayed recall should be used to 
test memory for prose in future studies. One study 
(Anderson, 1975) explained the results of her study through 
Walker's (1958) neural consolidation theory. This theory 
states that high arousal at the time of learning protects 
the memory trace and prevents immediate recall, but recall 
at a later time would be enhanced. Low arousal at the time 
of learning allows the material to be accessed, thus 
disrupting it in the long term. This theory would have been 
directly tested in the present study if there was a delayed 
recall of the prose passages. It would predict that 
immediate recall would be enhanced in the lower arousing 
group and impaired at the higher arousing groups, with the 
opposite occurring at the delayed recall. If this theory 
were true, in the present study the 1.5mg group would have 
recalled more information at a delayed time period than the
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0.7mg group, and less information at the immediate time 
period.
As Ney et al. (1989) pointed out, one of the reasons why 
there is so much confusion and discrepant results in the 
smoking and memory studies is that there is no good-quality 
theory to guide the research. The fact that so many 
different nicotine levels are arbitrarily selected and 
tested, so many different designs employed, so many tasks 
used, and so on, is because of a lack of a theory. A good- 
quality theory would not allow for such anarchy.
A good theory is definitely needed to shed some light 
on the conflicting results of the current smoking studies, 
and to offer some direction for future studies.
APPENDICES
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L Snails are fascinating little creatures.
H There are several different types of snails
M that vary in their size, shape, and color.
H Snails are primarily found in the oceans and seas.
M However, in warmer regions of the world some snails are
also found on land.
L Snails have been around for a long time
L and have been utilized for several different purposes.
L The various types of snails differ widely in their 
colors.
L The brightest colored snails are the most popular with 
collectors.
M The color of a snail depends on what it eats.
L Most snails eat plants.
H Nearly every snail has a spiral shell,
L which it carries on its back.
H The shell is made from a hard lime
H that serves as protection for the snail from enemies.
H The shell also serves as protection against extreme 
variations in hot and cold weather.
M Finally, the shell keeps the snail from drying out.
M All through the ages people have utilized snail shells 
for many purposes.
H In ancient times the shell was used as currency.
M More recently, some snail shells have been ground up 
H and used in the production of certain medicines,
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M while other snail shells have been used to make 
jewelry.
M Finally, some people have used snail shells to decorate 
the inside of their houses.
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EAGLES
H The choice of the American Eagle as out national bird 
was a good one.
H Because the bird is the symbol of freedom, valor, and 
strength.
L The native bald eagle is a very handsome bird.
M Their dark brown bodies and wings contrast sharply with 
their pure white head and tail feathers.
M A large adult female bald eagle can weigh over 14 
pounds.
M Also, the bird has an open wing span of over 90 inches
M and a body length of over a yard.
H The adult eagle has few natural enemies other than man.
M They can prey on almost any animal in sight.
L Although their favorite food is fish,
L eagles will also kill and eat other birds and small 
mammals, like rabbits.
H An impressive feature of the bald eagle is the quality 
of the nests they build.
H They usually build their nests in tall trees,
L near water when possible,
L and return to the same nest every year.
M Each year eagles will add another foot to the height of 
the nest
L until it attains enormous proportions.
M The nests are typically constructed from sticks, 
branches and other available materials.
H The sheer bulk of the nest accounts for one of the 
eagle's few natural enemies,
M which is the weather.
Rating
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H High winds can bring down the massive nest before the 
eggs are hatched
L or while the baby eagles are still unable to fly.
APPENDIX B
LONG PASSAGES (400-420 words)
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BIRD MIGRATION
H One of the most interesting riddles about bird
migration is the question of how do birds know which 
direction to fly.
L Many of the birds in the world migrate each year.
L Some birds travel thousands of miles.
M Unfortunately, no one knows what guides the birds to
the same wintering spot year after year.
H One explanation of bird migration is that birds 
navigate by using landmarks,
L such as rivers and mountain ranges
L and only piece the trip together as they go.
M However this explanation can not account for the 
results of early studies done with sea birds.
H In these studies sea birds were removed from their 
nests on an island off the coast of England
M and moved to Boston, Massachusetts,
L where they were set free.
H In two weeks, these birds had returned to their nests
L after crossing the featureless Atlantic Ocean.
M Another explanation of how birds find their direction 
during migration
H believes that many birds depend on the position of the 
sun and stars,
H and possibly cues they receive from the Earth's 
magnetic field.
H Birds also depend on changes in barometric pressure, 
wind direction, and odors.
M Even low frequency sounds caused by wind, thunder, or 
distant ocean surf are used.
L Furthermore, scientists have found that different birds
Rating
seem to use these directional cues in a different 
order.
M Migration mostly takes place at night.
H However, those birds that fly during the day are likely 
to use the sun as a directional cue to guide their 
migration.
M These birds would first find the position of the sun,
M and then add it to their own circadian rhythms,
L or internal clocks,
L in order to remain on their proper course.
M Studies with pigeons show that the sun affects the 
direction they take during migration.
H The magnetic field of the earth serves as another aid 
for birds during migration,
L especially if the sun is blocked due to a heavy cloud 
cover.
H In one study, pigeons were equipped with a bar magnet
L that was supposed to disrupt their ability to read the 
earth's magnetic field.
M When the sun was blocked due to weather,
H the pigeons who had bar magnets became disoriented and 
flew off course.
H One theory of how pigeons detect this magnetic field 
deals with magnetite,
L a magnetic material,
M in the heads of pigeons.
M Scientists think that magnetite may be part of a sense 
organ
M that gives birds their orienting skills.
M They are now questioning if birds are born with these 
skills




H There is an imaginary country called Mor.
L The geography of Mor is very rough.
H The country lies on the western coast of a southern
continent.
L Its coastline is long 
M and it has good natural harbors.
H A mountain range is found on the eastern border.
L The tallest mountain stands well over 15,000 feet.
M At the base of the tallest mountains is the capital 
city
L in which most of the people live.
M The climate of Mor is very severe.
M The weather is tropical at sea level.
M It is hot and humid eleven months of the year.
M The twelfth month is the rainy season on the coast.
M It is cold in the mountains of the country.
L Snow caps are found on the tallest mountains all year.
H Mor's economy is based on many different industries.
H Tuna fishing is the most important fishing industry 
today.
M Whaling was once a major part of the fishing industry, 
L but not any longer.
H The mining industry also plays an important part in 
Mor's economy.
L The mining industry was started by foreign investors 
L and has been built in the past twenty years.
Rating
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M The mountains are rich in copper and iron ore.
H Also, coffee crops are grown in the mountains and are a 
major part of the country's exports.
L The country also makes some good wines.
M Mor imports many products to keep up its economy.
H Many agricultural products, like grain and vegetables 
are imported.
H Dairy products are also brought in from other 
countries.
L These products are in short supply
L because Mor does not have land which can be used for 
farming or grazing.
H Petroleum and heavy machinery are also imported,
L because they are needed to keep up the mining industry.
H Mor has a strong democratic government.
L The present government has a simple organization.
H An elected president heads the government.
H The president chooses twenty people for his cabinet.
M These people are responsible for running different 
parts of the country,
L like the military and the treasury.
H The government also has an elected senate.
L The senators are a legislative body,
M which serves as a system of checks on the executive 
duties of the president.
M Mor's population is very diverse.
M The first inhabitants of Mor were fishermen.
L their descendants are fishermen still.
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H The prosperity of the fishing industry brought many 
people to Mor.
H The development of the mining industry brought still 
more people.
M The population has grown since the start of the mining 
industry.
H Today, the people of Mor are from many different 




Please answer the following questions about the 
smoking study you just participated in. Feel free to make 
any comments anywhere on this form.
1. Did you like the cigarette that you smoked in the 
experiment?
Yes , No , Don't Know ,
If No, Why?
2. Compared to your brand, how did the cigarette taste?
The same____, Worse_____, Better_____ ,
Don't Know____ ,
3. Compared to your brand, did the cigarette make you "feel" 
any different?
Yes____, No____ , Don't Know_____ ,
If Yes, how?
4. Compared to your brand, do you think the cigarette was...
Stronger_____, Weaker_____ , About the Same_____ ,
Don't Know_____ ,
5. How do you think smoking the cigarette affected your
ability to read the stories? a.____Helped,b.____Impaired,
c.____Didn't Affect d.____Don't Know
6. How do you think smoking the cigarette affected your
ability to concentrate? a.____Helped, b.____Impaired,
c.___ Didn't Affect d.____ Don't Know
7. How do you think smoking the cigarette affected your
ability to think? a.____Helped, b.____Impaired,
c.____Didn't Affect d.____Don't Know
8. How do you think smoking the cigarette affected your
ability to remember the stories? a.____Helped,
b.____Impaired, c.____Didn't Affect, d.____Don't Know
9. Do you think the way you were told to smoke the cigarette 
(hold the puff for 5 seconds, 1 puff every 25 seconds 
etc.,) was...
a.___ Awkward, b.____ Unnatural, c.___ Normal, d.____ OK
e.____Unpleasant, f.____Tollerable,G.____Other (please
explain)
10. Do you have any comments about the cigarette, the 
smoking procedure, the stories or anything else about 
this experiment that you would like to express?
SUMMARY ANOVA TABLE FOR THE
APPENDIX D
PROPORTION OF IDEA UNITS RECALLED
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Summary ANOVA Table for the Proportion of Idea Units 
Recalled.
Table 10
Source Sum of Squares DF Mean Square F-Test P
Treatment 0.336 2 0.168 2.868 0.068
Unit 2.463 42 0.059
Length 2.195 1 2.195 126.141 <0.001
Treat X Length 0.018 2 0.009 0.510 >0.500
Length X Unit 0.731 42 0.017
Importance Level 2.317 2 1.159 110.304 <•001
Treat X Import 0.029 4 0.007 0.684 >.500
Import X Unit 0.882 84 0.011
Len X Import 0.609 2 0.305 30.284 <.001
Treat X Len X Imp 0.035 4 0.009 0.875 0.483
Len X Imp X Unit 0.845 84 0.010
Total 10.462 269 0.039
APPENDIX E
SUMMARY ANOVA TABLES FOR SYSTOLIC AND DIASTOLIC 
BLOOD PRESSURE AS A FUNCTION OF 
TREATMENT AND TIME
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Summary ANOVA Table for Systolic Blood Pressure as a 
Function of Treatment and Time.
Table 11
Source Sum of Squares DF Mean Square F-Test P
Treatment 403.439 2 201.719 0.457 >0.500
Unit 18549.500 42 441.655
Time 2161.643 3 720.548 14.595 <0.001
Treat X Time 139.456 6 23.243 0.471 >0.500
Time X Unit 6220.633 126 49.370
Total 27474.664 179 153.490
Table 12
Summary ANOVA Table for Diastolic Blood Pressure as a 
Function of Treatment and Time.
Source Sum of Squares DF Mean Square F-Test P
Treatment 703.741 2 351.871 1.272 0.291Unit 11617.750 42 276.613
Time 892.682 3 297.561 9.507 <0.001Treat X Time 159.767 6 26.628 0.851 >0.500Time X Unit 3943.798 126 31.300
Total 17317.730 179 96.747
APPENDIX F
SUMMARY ANOVA TABLE FOR HEART RATE AS A 
FUNCTION OF TREATMENT AND TIME
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Table 13
Summary ANOVA Table for Heart Rate as a Function of 
Treatment and Time.
Source Sum of Squares DF Mean Square F-Test P
Treatment 683.509 2 341.755 0.832 0.443
Unit 17244.750 42 410.589
Time 5563.223 3 1854.407 53.682 <0.001
Treat X Time 462.710 6 77.118 2.232 0.045
Time X Unit 4352.563 126 34.544
Total 28306.750 179 158.138
a
SUMMARY ANALYSIS OF COVARIANCE TABLES FOR
APPENDIX G
THE PROPORTION OF IDEA UNITS RECALLED
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Table 14
Summary Analysis of Covariance Table for the Proportion of
Idea Units Recalled with Systol ic Time 2 used as the
Covariate.
Source Sum of Squares DF Mean Square F-Test P
Treatment 0.436 2 0.218 3.970 0.027
Covariates 0.214 1 0.214 3.904 0.055
Unit 2.249 41 0.055
Length 2.195 1 2.195 123.137 <0.001
Treat X Len 0.018 2 0.009 0.498 >0.500
Covariates 0 . 0 0 0 1 0 . 0 0 0 very small
Len X Unit 0.731 41 0.018
Importance 2.317 2 1.159 108.991 <0.001
Treat X Imp 0.029 4 0.007 0.676 >0.500
Covariates 0 . 0 0 0 1 0 . 0 0 0 very small
Imp X Unit 0.882 83 0 . 0 1 1
Len X Imp 0.609 2 0.305 29.924 <0.001
Treat X Len X Imp 0.035 4 0.009 0.864 0.490
Covariates 0 . 0 0 0 1 0 . 0 0 0 very small
Len X Imp X Unit 0.845 83 0.010
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Table 15
Summary Analysis of Covariance Table for the Proportion of
Idea Units Recalled1 with Diastolic Time 4 used as the
Covariate.
Source Sum of Squares DF Mean Square F-Test P
Treatment 0.396 2 0.198 3.421 0.043
Covariates 0.091 1 0.091 1.579 0.217
Unit 2.372 41 0.058
Length 2.195 1 2.195 126.141 <0.001
Treat X Len 0.018 2 0.009 0.510 >0.500
Covariates 0.000 0
Len X Unit 0.731 42 0.017
Importance 2.317 2 1.159 110.304 <0.001
Treat X Imp 0.029 4 0.007 0.684 >0.500
Covariates 0.000 0
Imp X Unit 0.882 84 0.011
Len X Imp 0.609 2 0.305 30.284 <0.001
Treat X Len X Imp 0.035 4 0.009 0.875 0.483
Covariates 0.000 0
Len X Imp X Unit 0.845 84 0.010
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Table 16
Summary Analysis of Covariance Table for the Proportion of
Idea Units Recalled[ with Heart Rate at Time 1 used as the
Covariate.
Source Sum of Squares DF Mean Square F-Test P
Treatment 0.412 2 0.206 3.611 0.036
Covariates 0.124 1 0.124 2.182 0.148
Unit 2.339 41 0.057
Length 2.195 1 2.195 126.141 <0.001
Treat X Len 0.018 2 0.009 0.510 >0.500
Covariates 0.000 0
Len X Unit 0.731 42 0.017
Importance 2.317 2 1.159 110.304 <0.001
Treat X Imp 0.029 4 0.007 0.684 >0.500
Covariates 0.000 0
Imp x Unit 0.882 84 0.011
Len X Imp 0.609 2 0.305 30.284 <0.001
Treat X Len X Imp 0.035 4 0.009 0.875 0.483
Covariates 0.000 0
Len X Imp X Unit 0.845 84 0.010
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Table 17
Summary Analysis of Covariance Table for the Proportion of 
Idea Units Recalled with the Lie Score of the Eysenck 
Personality Inventory used as the Covariate.
Source Sum of Squares DF Mean Square F-Test P
Treatment 0.398 2 0.199 3.498 0.040
Covariates 0.130 1 0.130 2.276 0.140
Unit 2.334 41 0.057
Length 2.195 1 2.195 126.141 <0.001
Treat X Len 0.018 2 0.009 0.510 >0.500
Covariates 0.000 0
Len X Unit 0.731 42 0.017
Importance 2.317 2 1.159 110.304 <0.001
Treat X Imp 0.029 4 0.007 0.684 >0.500
Covariates 0.000 0
Imp X Unit 0.882 84 0.011
Len X Imp 0.609 2 0.305 30.284 <0.001
Treat X Len X Imp 0.035 4 0.009 0.875 0.483
Covariates 0.000 0
Len X Imp X Unit 0.845 84 0.010
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